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PREFACE TO THE FOURTH EDITION 


The first edition of this book was published as long ago as 1921, being 
followed by the second and third editions in 1934 and 1940 respectively. 
The revision for these earlier editions was very largely confined to 
that section of the book dealing with the control of diseases in animals, 
whilst few material changes were made in the text of the sections 
dealing with water, sanitation, air and ventilation, and building con- 
struction. In the thirty or so years which have elapsed between the 
appearances of the first and of the present edition there have occurred 
considerable changes in, for instance, the design and methods of con- 
struction of buildings intended for the housing of livestock and it has 
for long been evident that the parts of the book connected with this 
and several other aspects of veterinary hygiene required somewhat 
drastic revision in order to bring them into line with present-day ideas 
and practice. There was nobody more conscious of this need than 
Professor Linton himself, but he having retired from active participa- 
tion in veterinary teaching, felt imable to undertake the task. And 
so with Professor Linton’s blessing it fell to one of us (N.J.S.)in 
1945 to assume responsibility for the thorough revision of the book. 
For many reasons, the work of revision was protracted, and after the 
appointment of the latter to the Professorship of Veterinary Hygiene 
at the Royal Veterinary College it was soon evident that if publication 
of tlie new edition were not to be delayed indefinitely an active colla- 
borator must bo found. So it was that his colleague (G.A.W.) came 
to play a major role in revising the later sections of the book, as well 
as in superintending the correction of the final proofs and in compih'ng 
the index. 

The aims of the fourth edition remain essentially the same as those 
of the previous editions, albeit with some deflection of emphasis, namely, 
to provide a textbook on the principles and practice of veterinary 
hygiene which wiU be useful not only to the student or practitioner 
in veterinary science but also to anyone interested in the promotion 
of animal health and production. 

The general arrangement of the previous editions has again been 
followed. Whilst in many sections the revision of the text has neces- 
sarily been of a drastic nature, wherever practicable and appropriate 
we have tried to retain the main characteristics of Professor Linton’s 
work. Since this present edition has still a well-founded title to be 
regarded as continuing the direct line of descent from the earlier 
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editions sve felt that this tnbute, at least, should be paid to Professor 
Lmton’s outstanding influence on the deselopment of veterinary 
hygiene ever since the publication of the first edition 

For help and advice m the preparation of the fourth edition we 
wsh to thank Mr E C Lloyd, c de , Deputy Chief Veterinary Officer 
of the Ministry of Agriculture and Fisheries , Mr W W Hitchins, 
L R 1 n A , p A^ I , formerly Lecturer in Building Construction and Sur- 
N eying, Unnersily of Reading , Dr F H Grimbleby, Lecturer in 
Agricultural Chemistry, University of Reading , and our colleagues 
Dr J N Oldham and Dr J T Abrams We arc also grateful to Mr 
Hilchms and to Mr B G Ticdeman for assistance in the preparation 
of nci\ diagrams The photographs for Figs 88 and 91 nere kindly 
supplied b> Dr W P Blount, Poultry Advjsor of B 0 C M 


We are indebted to the Controller H M Stationery Office for loan of 
blocks and permission to reproduce the following —Fig 32, Figs 51, 
68, 69 and 78 (from Post-War Building Studies No 17 “Farm 
Buildings”) , Fig 75 (from “Fixed Equipment on the Farm,” leaflet 
No 3 “Farm Dairies”) and Figs 76 and 77 (from “The Milking 
Parlour," Uafiet No 5 m the same senes) , Fig 82 (from P W B S 
No 22 “Farm Buildings forScotland”) We thank also the following 
for loan of blocks —Messrs Gnffin & Tatlock (Fig 48) , Animal Aid 
and Welfare Club (Fig 104) , Messrs Pratten & Co . Ltd Bath (Fies 
86, 87, 89, 90. 92, 93, 95 and 96) . Messrs Cope & Cope, Ltd , Reading 
(Fig. 94) , the Wellcome Foundation (Fig 30) , and Messrs Cooner 
McDougall & Robertson (Figs 106-119) ^ ’ 


FiiHlly, VC wsh to express our thunks to the Pubhshers for the 
helpfulness and forbearance they have shown towards vs at all times 


Royal V ctts-ivary CoLuer 
UMVtRSrTY or Lovykjn 


N -I SCORGIE 
f' A WILLIS 



EXTRACT FROM PREFACE TO FIRST EDITION 


THIS book has been written in the hope that ^ J 
to veterinary students “"“^ents of those studying 

veterinary b“n omitted, as their importance 

Zootechny and Milk Hyg ’ . ^ be accorded in one 

rr TT. rs.:s « « « -- .. - 

Series. r. G. LINTON 


Edinburgh, February, 1921 
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SECTION I 

WATER AND WATER SUPPLY 

Twmary considerations in the keeping of domesticated livestock are 
that drinking water must be made available to the animals in adequate 
amount, and that the water must be of such quality as to promote 
thier health and well-being . This implies that the water must not 
contain toxic substances in amounts tha t a re harmful, and also that it 
'must be free from pathogenic micro-organisms and from the ova and* 
larvae of intestinal parasites for which iCmay serve as a vehicle for 
their transport into ttie an imal body. ' 

In addition to the supply for drinking purposes, a considerable 
quantity of water is required for the maintenance of cleanliness in the 
animals themselves, and in the buildings in which they are housed. 
Considerable amoimts of water are also necessary for the cleansing of 
the various utensils used in the handling of animal products. This 
latter a.speot has a direct bearing on public health, and for this reason 
water supplies for dairies, creameries, abattoirs, etc., should conform 
to the standards demanded of public water supplies for ordinary 
domestic purposes. The Milk and Dairies Regulations, 1949, include 
the following provisions ; "All registered premises (for the production 
and sale of milk) shall be provided with a’supply of water suitable and 
sufficient for the requirements of these regulations,” and “The water 
supply for cows shall, as far as is reasonably possible, be protected 
against contamination.” (See Part V., Sec. 12.) 

Water which is chemically and biologcally pure is never found in 
nature, excepting possibly the water vapour of the higher air strata. 
Natural waters contain varying amounts of "impurities” in the form 
of dissolved gases, minerals, and substances of organic origin, together 
with greater or lesser amoimts of suspended inclusions which may be 
either of inorganic or organic origin. The character and amount of 
the impurities contained in the wafer supply are dependent on the 
source from which it is drawn, on the degree of pollution to which it 
may have been exposed, and on the methods adopted for its storage and 
purification. The quality and quantity of the impurities present are the 

— V.H. 2 
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determining factors which render a water unwholesome or prejudicial 
to human or animal health 

All statutory undertakings for the public suppl> of water must by 
law ensure that such supplies are “pure ’ and “wholesome ’ (See 
Public Health Act, England and Wales 1936 The relevant Acts for 
Scotland art— Public Health (Scotland) Act, 1897, and the Burgh 
Police (Scotland) Act, 1892) Whilst these terms have never received 
any precise definition, there is general agreement with regard to their 
mterpretation ‘ Pure ’ is accepted as meaning free from turbidity 
colour and from any perceptible taste and smell This mdicates that 
the water mast be completely free from suspended sohd matter 

-must be absent or present in only negligible amounts, and tta the 
concentration of soluble salts must not be excess.^ Ttete™ 
wholesome is tajten to mean “not prejudicial to health" and tb s 
implies that the water must contain n„ ns.b “ 

poMnous chemicals in amounts that will enlfgerhS'Tr^ no 

Its storage and distribution Within the contart duimg 

definitions of the tem, "Ze ' ^d " b 
variations in the composition of waters 

iind-rtakmgs actually occur, and it is for^h^ difTerent public 
has ever been made to defme accuratelv a s attempt 

.a terms of chemical compos” ^ ^ of 'vato 

™.er either in Jform of ri" ™ "!= of 

precipitation on land areas a nort,™ " Of the total 
"0'00'S, part Xclw T"' “"ans 
while the temainder IS restored to "he'S^„ r “‘o 'he soil 

P'am transpiration At any givei^ime ''’aporation and 

amount ofwatcr stored in the soil andaltb^ c “ ^ ^^'a'" or lesser 

Hawaii In R.UlIon t„ v\mer b , 

■> S-^wT.bJ" Bntam the d,. 


'S a w„™' ” soot'd bV the fa„f,: <>- 

o“«icn ,n the ra„r,„ 


WATER AND WATER SUPPLY' 3 

across the country frrfm west to east. Thus, for example, the average 
annual rainfall in central and south-east England, East Anglia and a 
•narrow belt of country extending along the east coast of England ' into 
■Scotland, lies between 20 and 30 inches, while in tlie West Highlands, 
the Lake District, Wales, and in parts of Cornwall, it may exceed 
175 inches per annum. From the point of view of water supply it is 
interesting to note that tlic heaviest rainfall therefore occurs in those 
■areas where the surface rocks are hard and impermeable, and from 
which on that account almost all the precipitated water is shed into 
streams and rivers. These areas are thus specially suitable for the 
location of large impounding- reservoirs for supplying water to large 
centres of population. The lightest rainfall, on the other hand, is 
■spread over areas where the rocks are permeable and through which 
the .water percolates to augment the underground supply. The water 
of this natural subterranean store can only be tapped and raised to 
the surface again by the boring of wells, or through natural springs. 

Generally speaking, periods of abnormally low rainfall, unless very 
prolonged, have but little effect on the amount of water available from 
large artificial storage reservoirs, or on that obtainable from wells 
bored deep into a water-bearing rock formation. Small, local sources 
of supply such as shallow wells, streams and shallow rivers, may, 
however, be very severely depleted under such conditions, and one of 
'the chief problems connected with water supply in rural areas lies in 
the provision of water in adequate amounts during periods of drought* 
During their descent, precipitation waters may be considered to be 
■free from solids in solution, but as soon as they reach the earth’s 
surface their composition becomes quickly altered, soluble compounds, 
both organic and inorganic, being brought into solution as the water 
bows over, or percolates through, the surface rooks. This fact is of 
-considerahle importance since the ultimate composition of the water is 
•determined by the chemical nature of the strata with which it comes 
in contact. 

■Geology in Relation to Wafer Suppija From the point of view of 
■water supply it is useful to divide rock formations into three 
■categories, according to their degree of permeability and porosity 
■for water, viz. : — 

/V (i) Rocks that are permcahte and porous, such as loose sands and 
gravels, loosely cemented sandstones and gritstones, and 
some limestones such as ooUtio limestone and magnesian 
limestone, 

*Sec mn 119. National Farm Sarny of England and Ifaler. Ministry of 
Agriculture. H.M.S.O. 1946. 
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r,n Rocks that arc permeable only by virtue of the loints ^ 
^ ^ ^tssures m them, aad ubose porosity is lov, or ' 

mch as most bmestopes, mcltidmg hard chalk, and most 
crjstaUrae igneous and mctamorpbic rocks. 


(iiO 


Rocks that are impermeable and non porous, such as clay,, 
shale, marl, slate, and most crystalline igneous and meta- 
morphic rocks that ate unjointed. 


The distnbnbon and the mutual relationship of these three tjpw of 
rock are the principal factors concerned in the location of surface 
and underground waters 

A consideration of the geological systems of the Bntish Isles ani 
their distribution, which may he found in geological maps, shows that 
surface topography and the nature of the rochs arc closely correlated. 
The high mountainous tracts of Scotland, the Lahe District, "Wales and. 
Cornwall are biuU mainly on the older palaeozoic rocks which, owing 
to their hard and often crystalline nature, ha\e withstood the agents 
of weathering To the south and cast of these tracts, and dipping’ 
generally towards the east, the younger and generally softer rocks, 
underlie the gently undulating topography of the east and south of 
fengland These two t>pes are divided m the north of England by 
rocks of intermediate age, viz the newer palaeozoic rocks, which 
form the Penmne Range (The older palaeozoic rocks are generally 
lard and impermeable, while the rocks of more recent ongin tend to 
be softer and permeable ) This distribution of rocks is responsible for 
the fact that in the north and wxst of the British Isles the water 
supplies are derived chiefly from natural or artificial accumulations 
of surface water, le lakes or impounding reservoirs, while in the* 


east and south of England they are dented from underground sources. 
In the case of the former, the rarnfall over an extensive area, known 
as the catchment area or the gathering ground, is collected into 
natural or artificial reservoiis by the nnpoundmg of the streams 
v.hto m tht IMci the pieapitaiion rater mBItrates into porous and 

toek to allow tree dorattard^^lat.o’n STt?''* "" 

porous or fmuted sramm K a. 

reservoir for the water surfacf^to act as a natural: 
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SOURCES OF WATER SUPPLY 

The sources from which it is practicable to derive water supplies 
Tor public and domestic use, and for such purposes as the watering of 
livestock and the cleansing of dairy utensils, etc., are : — 

1. Rainwater. 

2. Surface water, either upland surface water or that derived 

from rivers and streams. 

3. Underground water from springs and wells. 

Because a water has a pleasant appearance and is palatable it is 
■not necessarily wholesome, for water may be contaminated with sewage, 
•etc., and yet be sparkling and pleasnat to drink. Waters have been 
■classified according to their palatability and wholesomeness by the 
Rivers Pollution Commissioners as follows ; — 

Wholesome . 


Suspicious . 


Dangerous . 

This classification must be applied with due regard to modifying 
eircumstances, and must not be taken too literally. Upland surface 
water though usually pure may, on occasion, be badly polluted, and 
shallow springs may yield water as dangerous as that from sliallow 
wells. The classification indicates generally what may and what may 
mot be regarded as wholesome. 

Rawwater 

' The water vapour as it condenses in the hi fihCT atmospheri c layers 
■ tn fnFifmntiTr fir rain contains ~no aissolved chemical impurities, but 
•during its passage from the upper to the lower air strata the wafer 
fakesjip oxygen, nitrogen and carbon dioxide. Rain falling over 
cohntry districts may contain few other impurities than dissolved gases,- 
"but over industrial centres it becomes grossly contaminated with 
suspended impurities in the form of soot and dust, and also ab spibs 
fumcs and volatile JumjL-atshasJiydrnclilPric and sulEhurous 
— Owing toltT freedornTrom dissolved mineral matter, ramw.ater 
lias an insipid taste, and is not on this account so palatable as water 


{ Spring water «. . .1 Very palatable- 

Deep-well water ' 

Upland surface water . j 

[ Moderately pa- 

( Stored rain water . . ’ latable 

(' Water from cultivated land t 

( Palatable 

t River water . . . f 

1 Shallow-well water . . 
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ttot has percolated mto the ao.l and has conte ,n contact v,ttU soluble- 

™"Sanse of the presence of free CO, in rainwater and the 

t ♦ artinn it has OR lead, ramwatcr shoiild not be distributed m 
"es 0? Z leaTctstems iLintended^on^g and 

oSmesncjairPOses, r amwatcr ts best s torfnadergtSffl^ 
reservoirs Where it is to jed mere y 
auxiliary SPOT's. « « • f"' washm£jeun«>s“, it may be store d 
,n a well-galvanised iron tanV above ground 


SuRCACE Water 


Surface water is ram that has fallen on the earth, washed Its 
surface, and has not >et penetrated sufficiently deep to nd itself of 
such impunties as It may have gathered T}ie chaiacter ,Q£sucli.a^ter 

y/i\\ vary with the nature of the ground, on which it has fallen In 
country district not greatly polluted by animals or people, it will be- 
comparatively free from contamination other than that of vegetable 
ongin and such mineral matter as it may dissolve An excessive 
amount of vegetable matter may, honever, be deletenous, and water 
lying on a peat soil often b^omes acid Some surface waters, ihou^ 
quite wholesome, may have a disagreeable colour, which is denved from 
the vegetable matter Surface water that may have been in contact 
With human or animal excreta may be dangerous, and water from the 
surface of arable land should not be considered fit for drinking: 
purposes until it has been purified 

Water supplies from surface water are derived either from brooks 
nvcTS 01 streams, or from natural or artificial lakes which aro 
usually Situated in upland moorland districts 


■^BrooU, Stream! and Riren arc collections of water that have run 
on (nt earth's surface, together with water that has percolated to a 
cenain depth and has again come to the surface as spnngs The 
I™'"* of the water 

is oflcnwanewa\e 7 “anS>]!S“Se'^^Iurc “t 

common custom in villages for the inTi-,R ♦ ♦ 'be case, as it is thel 

w-atcrdirealy into the 

intended for human drmkme inimr«.*= ?’ ihwefore, should water 
uttnsiU be taken direct fronf a^w or si 
submitted to a proper punSatiTO 7r7ce7““ 

polluted a, or near 
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its source it would rid itself of organic impurities by the aeration 
that takes place during its course. Most rivers in this country receive 
land-washings from agricultural land, whilst some are grossly polluted 
by the discharge of sewage effluents; in few cases, if any, is there a 
sufflccnt interval between the various points of discharge along the- 
river course to permit of complete purification by natural agencies. 
Since a great proportion of the public water supplies, of England and 
Wales is derived from rivers, strict control must therefore be exercised 
by the River Conservancy Boards over all effluents discharged intn 
rivers above the intake of a water supply. Tliat wafer from polluted 
rivers can be rendered safe for drinking purposes by appropriate 
treatment, however, is instanced by the London supply, about 60 per 
cent, of which comes from the River Tliames. 

Much attention is being paid at the present time to the increasing 
pollution of the rivers and streams of this country resulting from the 
discharge of trade wastes and of effluents from sewage works. There 
arc many instances of poisoning in livestock arising from the drinking 
of water contaminated by trade and industrial wastes. Fish life has 
also been destroyed, and the problem of drawing water supplies from 
Titers subject to this latter kind of pollution is becoming increasingly 
difficult. 

The chemical character of river water is subject to wide variation, 
according to the nature of the gathering grounds off which its feeders 
flow, and also to the different geological formations through which the 
river-bed passes. Dissolved soTids taken up in one area may be later 
deposited in another. Thus the character of the water in a river of any 
length varies not only with the individual river but also in the different 
sections along the same river. 

Upland Surface Water. The water supplies of many large towns ia 
Britain are derived from upland surface waters, which are collected 
usually at some considerable distance from the towns where they are 
to be used, and to which they are conveyed by many miles of pipes 
from the storage reservoirs. The latter are situated in upland moor- 
land areas, and may be either natural lakes or artificial reservoirs, 
which have been constructed for the purpose of impounding the water 
flowing off the adjoining hills. The chief upland water, resources 
which have been developed by means of impounding schemes for the 
supply of water to large towns or cities are situated in Scotland, 
Wales, and in north-west and south-west England. 

Natural siuface accumulations of water occur where the land 
surface is covered with an impermeable rock and the physical con- 
tours of the ground "are such that the flow of a stream or river is._ 
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Donds ’Tbck frequently form the only sources of vvater supplv for 
taestock, and someiimes also for the human population, m rural 
localities 

The mam feature of an artificial impounding rc'cnoir is a cam 
liuilt across a valley so that the drainage outflow from the surrounding 
Tv’atershed is trapped m the valley The object of any impounding 
scheme is thus to collect and store the surface water shed off the 
surrounding hills which form the gathering grounds or catcliment 
area Where possible, it is customary for the authority responsible 
for the scheme to acquire the whole of the ^thenng ground with a 
-view to prei'cnimg drainage from farm buildings and dwelling houses 
or the land washmgs of manured fields from polluting the sources of 
■svater supply Aiforcstalion can, also play an important part in the 
protection of watersheds and gathering grounds by limiting the human 
Inestoclc population of the area In addition, forest lillcr and 
humus not only absorb and hold rainwater, but furnish a pfotectne 
■coating which, keeps the surface soil in a condition fasourabte to water 
absorption, the efTecl of which is to make for a mote constant tvater 
feed to the reservoir than where the land is bare or has relatively little 
vegetation A forest cover also reduces surface evaporation by 
amounts up to 50 per cent, thus making more water available for 
coUecuon into the reservoir 

Upland water as rt flows into the collecting reservoirs may be more 
•or less contaminated accordmg to the condition -of the ground it has 
washed If the gathering area is not heavily manured, nor polluted 
by human excreta, the organic matter present in the water will be 
mmnlyoCvegeUhleoslgflt. Uvntvgwieitd the reservoir, the organic 
matter settles to the bottom duimg the storage of the water thercixL 
-^ 6 . carries dewn with it a large proportion of the bacteria and other 
W of plant „fc wmeh are .„ev.ubly present m 
^\^ulst nie>t nptad natns are tisuallj considerably less polluted than 
mer naters they must netertheless be snb.ectcd tn’^ „ f “ 
processes betoe they can be considered fit soercestf 1 
large urban community supply for any 

The najonty ot upland surface naters are soft and a a 
contain terj bttle dissobed mineral mailer k , “ ^ 
and moorland streams of Scotland Wair ,1. ^ "'““nldin 

u lesser degree, those of “I. 

vail, contain a soft, peaty dmdifieA nate On ,'h‘’'tr 

On the other hand, the 
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-streams of the Midlands and of the east and southern counties' of 
England, with gathering grounds of chalky boulder clay, often contain 
water which is quite as hard as some of the deep tmdergroimd waters. 
In the utilization as sources of supply, the soft and acid waters of 
■upland areas present special problems, particularly the solution of 
lead (plumbo-solvenoy) which, when present in relatively large amount 
in drinking water, is toxic to man and animals. 


Underground Water 

It is customary to recognise two categories of water present in the 
■■soil below the earth’s surface, viz., “subsoil” and “deep.” 


iSubsoil Water i s held above the first impermeable stratum the level o f 
t his water, or “pla n e of saturation.” rises and falls nn corilrTij> to the 
s eason of the year and f lie rainfall, being normnllv liigliesf in February 
and March and lowest in October and November. In addition, subs oil 
• water is always moving slowly towards its natural outlet, ei th er in 
■s pring s, ri yers or the sea, the actu al direction of flow rfepenfUng on 
-t he dip of the strata. .. During its movement through the soil, the water 
■gathers a variable amount of impurities, both inorganic and organic . 
Any subsoil water lying near the surface is especially liable to con- 
tamination by organic pollution which has entered from the surface ; 
-this may be of a harmless nature or may contain the excretal products 
•from man and animals. The fitness of any subsoil water as a source 
-of supply, therefore, must always be regarded with suspicion until the 
-water has been submitted to_baclcrinlngiral-exammation. 


.Deep Ground tVnier is water which lies below at least one imperviou s 
stratum. /Deep undergr ound wa 't cr supplies are usually f ree from 
■cl ^plfiraTit bncterial c nutnmiTinti'nn. provided always that in the raising 
of such supplies they are not secondarily exposed to organic pollu tion 
at nr near the of the wells or s prings. Apart.from this latter 

<onthiim^thaiiact£riaLnfljmlaman£xlccp.tvate!^ 

o n whether the wa ter stn s .s u btecte d to . surface or , suh-So ll pplju tion 
-i, ..rnra ■! p-"-'ratcft down wa rds - . and nanlv - on . t he nature of its 
•subterranean course. If, for instance, polluted water travels down- 
xvard by soaking through pcrme.able strata it will gradually be purified 
"by the natural filter action of these strata. If, on the other hand, this 
water follows the course of cracks and fisstires in the rock formations, 
nts bacterial content may remain comparatis-cly higit. 
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Methods of Obtaming Underground Water Supplies. Water supplies 
bei ^th the lanc Ls urfocc ar e tapped artificially by wells and boreholes, 
and naturally by springs 


Well and Boreholes. Wells and boreholes arc ,sjiafis j)r_tubcs .sunk 
throygh the earth’s crust r or_greater or lesser dtstnne e*; 



— - »oa ueep Wells 

th™?.:: ^ed „n ,ho 6eoI„g,ca, 

""sSiri^r, "» «• -M- 

... 
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Types (i) and (ii) are depicted diagrammatically in Fig. 1. 

Two methods for the sinking of wells in cotmtry districts are^ 
practfsed, namely (a) by digging out the well shaft, and (b) the- 
drivcn tube method. The dug well is the more commonly met with, 
and is especially suited to locations where the flow of water in the 
strata is low. Such a well, usually about 4 ft. to 6ft. in diameter, 
besides acting as a reservoir, provides a large surface area for the 
slow seepage of water. The driven tube well, or “Abyssinian” well, 
is suitable only for locations having a water-bearing gravel subsoil 
where the water is within suction lift of the surface — in practice less 
than 20 ft. This well is constructed by driving 5 ft. lengths of steel 
tube, 2 in. in diameter, directly into the ground to a depth necessary ] 
to pierce the water-bear- 
ing strata. To facilitate 
driving, the first or 
bottom length of tube 
is fitted with a steel 
“point,” the maximum 
diameter of which is 
slightly greater than the 
connecting screwed 
sockets on the tubes. 

The first length should 
be drilled to allow the 
inflow of water, and 
where the water-bearing 
medium is sandy in 
character, the drilled 
part should be covered 
with perforated brass to 
act as strainer. Where 
the hydro-geo'.ogical 
conditions are suitable 
the driven tube well is 
preferable to the dug 
well, as it precludes to a 
'large extent the possi- 
bility of contamination 
from surface water. If 
the working water level 

ismorethan20ft.below 

eround surface, then Fio- 2.^hiii»ing a correct method of coiutnie-' 
me grouna sunaot,. a Shallow Well (Thrcah). j 
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recourse must be had to a third method of well- sinking, namely that 
known as the borehole In this, the hole or shaft is excavated by 
means of smtable drills, by which impermeable strata may readily be 
traversed to tap water bearing strata at depths up to 1,000 ft or 
more The hole is then lined with steel tubes or casings , its diameter 
must not be less than 6 m m order to allow of the insertion and 


proper operation of the special pumping equipment necessary 

Great care shoul d be exercised m choosing the site of a d ug 
well m , re la t i on to build i ngs, fa rm yard and other nossibie source s of 
c ontanunatio a PolIutioiumay^t SeLplace either dunmr 
t hough the strata, e spec ially m \\t\U of th e shallow a,. 

them froS-IBmir hn.,... 

Shafts Th.r;pecured_bLisa lcmB the shaftr^ iertighf 

L wt h aT^n gOTlHuiTmng whirh 'v.ll .,r,7. 

waters (s« F,r at « I£!2t!V£!oi>filtcrea.jjjll3ce 

strata ensureTFreedom from contaminM Qf the sunerflr-i!ii 

well below that particular deoth No " ' n entering the 

from 6 to 12 feet denMi^i n ^ t ^^rmally this depth will be 

is usM for raising the water from the wdrtL°Aould°'' h “ 

immediately over the well shaft but -it j ^ s"neted 

■ntepumpiscormectedto tlewelllftLlT 

after passing through a watertight loin/m P‘Pe which, 

passes -wmcally downwards to the witr Th '"® ''*= '''='>■ 

be raised 6 to 12 inches above the iLl ’’ 

und throuch fVi#. «rain into the well fmm * 1 . ^^one-work, 

possibility of polluti(5*^” *** thus shaft 

"■a'er i wen ^ r?'=™8«teo„ghs“rfacer the 

of supply by 1 ,^ g “ kind can be rendered satisfart ®‘"«* 

“Xor? 

l^-aismg water Prom 
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to the ability of atmospheric pressure to support a column of water 
In a vacuum. It can be calculated that 32 feet rs the theoretical 
maximum deptli from which a suction pump may be expected to- 
■ raise water' but in practice the distance is considerably less than this.. 
S maTbe token thm the limit is 26’feet. and that if the water at 
» dptith ereater than this below the surface, a suction-and-lift pump- 
shStod tfereforeL fixed in the well-shaft preferably within 20 feet 
of the water so as to meet any possible lowering of water level a 
delivery pipe is then taken from the pump to the required point or 

“r toe pumping of water supplies from a weU in quantities such 

as S usualW required on a farm, some form of power-driven pump 
p are usual y q avoided. There are two types of 

<» » ^ 1 .-. . 1 . 

P, toe nlunger operates in a cyhnder, and the 

placement we. -Lad” is generated by rapidly 

centrifugal yp , , current is cheap, an electrically driven 

cost of luel anq ^ are otherwise quite satisfactory, 

and statong L L oTerTand, a fioat-eontrolled 

•Where electric po J automatically control toe 

switch can be fitted whi accordance with toe 

quantity of water pumped m any 

inflow into toe well an ? ^a well by power-motivated pumps. 

In toe pumping of „^Lit of delivery from the 

it is fthaLflow of toe well and to tlie quantity of water 

pump in relation t over-pump, particularly 

held m toe well. Care ”U formations, for if toe water is 

t^rd^yLHcLato 

p. ■ nrc natural outlets of underground svater at toe 
Springs. Spnngs a ^ encountered wherever an impervious 

surface of the cartl . Ltcr-bearing formation outcrops at the 
substratum underlying • distinguished according to the 

surface. Various typ producing them, and according to- 

nature of the or intermittent. 

whether their water flow IS ^ an 

A spring may ‘ ^ tons appearing at the surface afforcri an 

LS:uo'»"Sth^^^^^^^ Suchwateriscssentialiy 
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surface or ground water It may be pure if the configuration of the 
land IS such that a considerable depth of sod coders the stratum that 
holdsthewater If, however, thesod isshallow, the water will appear 
at the spring without ha\mg undergone sufficient fdtration and may 
therefore be impure These “land springs,” or “dip springs ’ as they 
are commonly called, fad in periods of drought and “break ’ again 
after ram and hence are often termed iKTCRMirrEvr If they soon 
run dry and soon break then they are shallow. anJ the water is of 
doubtful purity If, on the contrary, the flow continues during dry 
weather, then the supply is a deep one, and such springs are termed 


Spnngs also appear from a fissure occurring m a stratum such as 
® '■nilcrlying the roch escape These are 

called nssure springs The water is pure and similar to that obtained 
from deep wells Fissure springs are not liable to nuctuation like land 
springs Another form of spnng results from a geolog “l ‘Tau t” 

called, issues at the fissure, and may have coi^^f 

merely surface water Its characler't Wr ^ O'' b® 

ofthe ground •'"ticter therefore depends upon the nature 


IMPUlUnES AND INCLUSIONS OF NATURAL WATERS 

uM i"pre«« . 

soUtUon are necessarily harmful to pelll, ‘"‘PK'rUes m 
“ riclel y.hch contains them ‘ d'lnking 

ne term “inclusion" ,s here used 

Puttier, nhelher morgamc or orgumc uuy PU'ltculate 

tn the erater ) "htch ,s not m solution 

assisting m this latter ^solved COj present^ 

y pure water does not 
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•exist outside the laboratory, and also largely for the characteristic 
• chemical qualities of different natural waters. . The minerals dissolved 
in natural waters.depend entirely upbhThe geological composition a nd 
■the solubility of the strata over, or through, which the water has 
flowed. In general, too, it may be said that the amount of dissolved 
i norganic solids increases with the depth to -which the water hgir 
percolated downwards into the earth. Hard crystalline rocks, what- 
• ever their chemical composition, are generally very insoluble, and 
waters shed from these rocks tend to be very low in dissolwd minera l 
matter . Surface accumulations of water derived from such rocks, as 
for example in the Scottish Highlands, the Lake District, and Wales, 
•contain almost no chemical impurities, the dissolved solid content rarel y 
exceeding 5 parts per 100,000. The newer and softer rocks are much 
more soluble, s o that underground accumulations which have percolated 
tEroughtnese strata contain a high content of dissolved soluS . 

The substances, whether dissolved or in the form of solids, met 
with in natural, untreated waters may be conveniently classified as 
. inorganic and organic . The commoner inorganic constituents include 
•the bicarbonates of calcium and mag nesium, the sulphates, chlorides. 
and nitrates of calcium, magnesium and sodium, and sodium cnrhnnat e. 
The organic impurities are chiefly humic acids derived from acid 
surface soils and accumulations ol acid peat, but which, especially in 
t he case ol pond ana river waters, may also comprise inclusions 'of 
p lant and animal life and their decomposition prodticl s. 

Inorganic IsrpuwTiEs 

• Calcium, Magnesium and Sodium Salts. The inorganic substances, 

- with the e xception of sodium carbonate, which may be present in 
natural waters are dissolved directly from the rocks through which 
-piTcnlnted. The calciu m and magnesium salts, which' 
snan-destroving. giv e rise 'to “hardnes s inwatcr.” Untreated 
natural waters Tikcly to prove suitable as sources of supply rarely 
contain more than the equivalent of 25 parts of calcium carbonate per 
100,000. Certain geological formations, notably the Keuper Marl and 
the' Oolites, contain considerable quantities of the soluble salts of 
■ calcium, magnesium, and sodium, and give rise to waters which nuiy 
-contain 400, or more, parts of dissolved solids per 100,000. Hiese 
possess a nrQn iamcedbtac k i5h.l a5l . c an diueiuisuitatile for 
y^;;^^Tj^^jqj^vrposcraremtte^ uscdjis^a waters in certain region s. 

— carbonate is a constituent of some Essex waters and is 
through a base-c.xchange reaction which occurs between 
n^.-iencsiiim-SaltS- Iield in solulionin theater and 
zeolites which are present in some of the 
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Strata with which the water comes into contact This reaction give? 
nse to replacement of the calcium and magnesium m the water hy 
sodium which then appears m solution as sodium carbonate or sodium 
sulphate Base-exchange of this kind constitutes a natural water- 
soflemng process which is chemically identical with the artificial 
process involving the use of “permutit ” 

Iron. Many und e rground waters contain iro n, but fortunately it 
usually Vccurs in su^Proinm e quantities that~in~ prFspriFpi can be- 
Ignored WatersJ'rom snmft Cr>nl anrlT hfe 

^en^nds may c_ontam appreqable amounts of fprrmi^ 
in solution a nd nre knmvn fftni ybegie waters ) Oxidation of the- 
ferrous bicarbonate by atmospheric oxygen to insoluble hydrated feme 
oxide produces the characteristic red deposit which is mvanablv to be 
fm mdalongthecounesorchalybralestreams T h,ii 
can be represented by the following equaUon — 


4Fe(HC03)i-fjHiO+Ot=2Fc203, SHgO-FSCOa 
The ferrotts bicarbonate imparts a charanensltc, and not unniw .ant 
iron flat our tQ j bet'aler . but it is an objectionable constituent m that 
il. eneo . u r ^e; t h e eroulh nU lia.aHalled “Ironjaciena;. and 
badaja jhe incrusta tion of pjpes and the Hn.!-,”!"". . . ^"13“ 
Steps are aenerallv taken to ■■ iim m,. 1*i ma in s, 

(Seealso‘-Ume^oda^cessor^So=^^^^ 

Fluannc. Of other inorgarac impurities which mav h, 

natural waten,nuorme. because or Its significZ;,™!, “ 

and animal health, has receitcd considcrableTiJI, “ 
common minor constituents of most underm'"’? ^““"dcs are 

supplire for drraking purposes they should not he™'* 

MCKdingthccqmvalentofouepattorBuonne ^ ™ ‘)'»ntitics 

to Suchimg,* “the strata which most comm"^ ''“'’■'dmg 

taming significant amounts or nuonrare ?r^°"'=' yield water con- 

Tertiary 

at Maldon and other parts of Essex. . “ ^“‘='‘“n*t'oits pertain 

TTuonne is now mard d * * 

aad 

than one part per nyllin-, “Wlajung fluorine m of teeth, 

a>, trophy greater 

I! jotine roaemnt »h.ch w " Other clinical ">= 

eonmpauon imd lanoos^ ”> a» ham^ 

MotiLos of ae ™”"'>J'«iaeludcobstmate 

•See Tie fatarjaerjo, reported to he 

’ Btoer ** “aunon m 

’Wl. P 575 • ^ V Suclthag, 5u, edit. 
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certiiin areas in both North and South America, where the drinking water 
contains relatively large quantities of fluorine. Thus in districts in the Argen- 
tine, where the water contains approximately 10 parts fluorine per million, 
a high incidence of dental abnormality in human beings and in horses has been 
described, and while the molars of cattle in these areas appeared to be sound, they 
are said to show histological lesions similar to those associated with the macroscopic 
mottling seen in the other species. 

In addition to the presence in underground waters of fluorine dissolved 
from the rocks, the element may also gain access to water following local 
volcanic eruptions, in which case contamination is due to volcanic ^ust, or 
in the neighbourhood of certain chemical industries contamination by effluents 
containing fluorine may take place. In Iceland* a disease of sheep associated 
with exostoses of the bones and mottling of the teeth has been known since at 
least 1100 A.D., and which has generally appeared in high incidence after the 
periodic volcanic eruptions that have been a feature of 4he history of that Island. 
The malady known as “darmous” which occurs among human beings, horses, cattle 
and sheep in certain areas of North Africa has also been shown to be due to the 
fluorine which is contained in the large rock phosphate deposits found in this region. 
Besides the contamination of natural waters with volcanic and rock phosphate 
dusts in the regions just mentioned, these dusts also settle on the jherbage, thus 
greatly increasing the fluorine intake of herbivorous animals grazing on it. 

• The occurrence of chronic fluorosis has frequently been reported in animals 
gra^g in the vicinity of factories producing, for example, superphosphate, hydro- 
fluoric acid, glazed bricks, aluminium, glass and enamel. All such factories either ’ 
discharge effluents containing hydrogen fluoride or siliconfluoride into neighbour- 
ing streams, or give rise to dusts which arc deposited on the surrounding pastures. 

The symptoms produced in sheep and cattle as a result of chronic fluorine 
ingestion include difficulty of locomotion, emaciation, raggedness of coat, 
reduction of milk yield, and especially abnormal skeletal development mani- 
feslcd by swollen joints and exostoses of the long bones and jaws. The 
susceptibility to fluorine intoxication appears to vary with the species involved. 
From the published data of various authors it would seem that the approximate 
minimum amount of fluorine which, when ingested over a considerable period, 
will result in the syndrome said to be characteristic of chronic fluorosis is for the 
hen 70 mg., pig 10 mg., cow 3 mg., and sheep 3 mg., of fluorine per kg. body weight 
per day.t Amounts smaller than these which do not appear to affect general health 
and productivity of livestock may, nevertheless, induce dental symptoms and increase 
the fluorine content of the skeletal tissues. 

Organic Impurities and Inclusions 


The dissolved impurities and particulate inclusions of an organic 
nature which may be present in water supplies may he regarded as 
fallinc under the two headings :~(i) Chemical, and (ii) Biological. 
Chemical ImpmUks of organic origin present naturally in water may 
result either from the breakdown of organic material in the soil com- 
plex that the water has traversed, or they may arise from the death and 
rfeeomnosition of plant and animal life actually inhabiting the water. 

Roholm.K.(1934)Areh.w!5s.prakt.Ticrhenk. 67, 420. 
review arlide. Chwmk rherine tatoxieatmn In Domestic /temw/r. bj- Picree, 
tScerewewan Nut. Absl. & Revs., 9. 253-261. 


— V.tt. 3 
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The presence m a v.ater of very small amounts of nitrogenous con- 
stituents (ammonium salts, albuminoid ammonia, nitrates and nitrites) 
IS usuall> due to the natural decomposition processes mentioned above, 
but the finding of these substances m relatively great concentrations, 
on the other hand, must be regarded as strong presumptive evidence 
indicating pollution of the water with sewage or manunal matter. 
The significance of the presence and the concentration of the vanous 
impunties originating from organic decomposition is discussed under 
iho Examination of Water Supplies (Seepp 37f) 


BMogicul Indmiom. All natural waters, exceptiUE possibly some 
of the deepest underground waters, are i nhabueit by a diverse plant 
aji d animal life , th e efiief . p hylauitlhU 'OTmer heipf 
Bacteria, whilst the animal kingdom is represented by Protozoa 
M.o!lu5cs,-,A4rious f ree-living “Worm s” "inserts! 
Ti^ and Amphibia Th e kinds of plants amLa mmals found ,n any 

rhil^~7 "" of the water an d on 

sub-soil waters A few minute rni«o,^ r bfe of 

fungi are able to live m deep welirSd^n ““"J 

on which they draw, but if the well, w. -e . *)‘*’''tranean waters 
a mtej t hcjyato will usually be drln,^ rff^t-d£BUt.or_are poorly 
onhri;;;S^^i 3 ;f^^ Few, ,f any, 

ongm, may be foLdm natural watosw 

or harmful to man or animals dnnkine l>= toxic 

significance as regards water supphesrs iu ® Their chief 

of purification adopted for large ‘1>= methods 

storage and distribution (For aLx~n , “"‘t wTh water 

important biological features of natnr^ uocount of the more 

gam’-: " otLfnt 
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■of Water Supplies’" (See pp. 48f.) and consequently any consideration 
■of these is omitted here. 

The Algae constilulc the most ubiquitous form of plant life existing in 
freshuater ; the majority arc microscopic m size but some arc visible to (he naked 
eye. , the bright green thread-hkc algae often seen in ponds and streams 

From the point of view of water supply, three groups of algae arc of great 
importance, namely the Isokonalae or Green Algae, the Mvxonhvccac or pin e. 
Green Al gae, and the Dnio ms These and other groups of algae, ^which may only 
' flourish moderately in the running water of nvert and streams, trenpmll y increase 
m arkedly in the comparati^y still waters of lakes and storage reservoirs Tins 
increase is useiui m some N^ys T he aeration of the water bv the nlpnn to 
jurify It and, as will b e mentioned later, t hey ptnv n yiiM mie m fhtr purification, o f 
water supplies by filtration processes but, if thei r growth becomes excessive, th ey 
may interfere with filtration Such excessive increases in the algal population of 
open storage reservoirs can be controlled bv the aonl iga iion to the vTater of a che mi- 
cal algicidc. such rnppor suipii^A w hich IS used at the rat e of 2 t o 10 l bs 
CuSOj per 1,000,000 gallons of water Care must be taken to ensure the even 
djstnbution of the CUSO4 throughout the reservoir The usual method of applica- 
tion IS to tou n_b ag of the salt along carefully pl ann ed line s in the reservoir* It iS 
better policy to use CuSO* as a preventive against excessive algal multiplication in a 
Teservoir than as a curative, m which case the dead algae undergoing decomposition 
may render the water unfit to use for some time Obiectionable taste due to algal 
growths may be removed by dosing the water the with powdered activated carbon 
at the rate of 1 to 5 parts per million The covering-over of small reservoirs will 
cITcctively reduce algal growth therein 

A great bulk of algae passing on from storage reservoirs to the filter beds durjng 
periods of algal abundance introduces mechanical difllcuUies in the filtration of the 
water, and unless the filtration plant is frequently cleaned the filter beds will become 
choked The use of alcicides m the filter beds is not pr actica ble, as th e putnfaction 
of very l«rpg miantities of dead algae ma v be even mo re objectionable than the pre- 
5^ce of the living plants in the water If it is necessary to remove offensive tastes 
after filtration about 0 5 part per million of potassium permanganate may be used 
Soil Bacteria Ground-water lying near the surface will usually contain 
free-living bacteria derived from the upper few inches of the soil complex 
Tliese bacteria include aerobic forms which break down organic material in to 
its single compon ent elements of carbon^ nitrogen. Jtnd hydrog en This 
resolution process is further earned on by two groups of j utrogen-oxidisin g 
whtch convert ammonia cal ni trogen to acid radicles that mco ipbina- 
Tion with existing soil nitrites and nitrate s The first of these 

prnnps ( Tiiirosomoiias) converts ammonia to nitnfp.s, whilst the 
second Jiydzfliflctez) iha oxidaiion nrocess bv converting the nitntes 

to nitrates, which constitute the completely oxidised state of Na The bac- 
teria which initiate the breakdown of organic material, as well as tliose involved m 
the oxidation of nitrogen, require for their efficient functioning the provision 
1 of adequate moisture, oxygen, suitable bases and an environmental temperature 
\ of over 5“C Unless these requirements are satisfied, the disintegration of 

' organic matter cannot proceed to completion and the end products represented 

by the humic acids now formed cause “souring” of the soil Water draining 

from a soil in which these conditions pertain witl be acid in character, as, for 

example the acid waters draining from water-logged peat accumulations, m 
xvhich the incomplete breakdown of the excessive amounts of vegetable organic 
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matter is due to the absence of ox>gen and of suitable bases The plant 
remains are finally converted to true peat by anaerobic bacteria Sandy 
soils, which arc always characteristically low in mineral matter, may also under 
certain conditions accumulate organic matter, because in the absence of soil 
bases (lime) the decomposition of plant debris cannot proceed, and layers 
of peat may be formed Similarly, even on heavy land plant debns’may tend 
to accumulate, e g , many old grass lands have matted turves many inches 
thick which show little or no signs of decomposition if ploughed m unless lime is 
used to correct the soij acidity Another example of failure of this biological ■ 
scavenging process sometimes occurs in connection with land treatment of 
liquor, nhcre os a result of eecessivc application ot the sewage 
.quor the alWme bases m the soj become exhausted, and consequently 
the eonterston ot the aetds fomied by the tutnfytng bacteria to nitrates and nitntB 
do« not occur and they accumulate in the sod, rendering ,t ••sewage- s.ek " Such 
^1 may have t)s punfymg properties restored by the addition of 1 to 2 tons of lime 
per f fOtnhmed with a penod of rest from further sewage applteatton 

.ron'fr'i':^rrer?rh:Hih"'i.vrar„?“r 

m ihcir surrounding medium is not esscnual lo r of >ron 

fortheyeannoumhmttsabsenee Ue Bacteria, 

probably in the form of ferrous bicartonale ^!o^ 

osidtsed to the tosoluble hydrated feme o«de 2 ft o 3H n "“'I"”' is 

in this form in the filament sheaths of the bactWia. * * ^"*^4 ^ *hen deposited 

not the ni«t widesTread'” h'^noralo yfoill,^ “ 
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satisfactory in the control of Iron Bacteria and the troubles ansing therefrom in 
public supply systems • 

Fungt Since all frce-iiving fungi are saprophytic, i e derive their nouri- 
shment from decoraposmg organic material, the occurrence of fungi growing m 
water is evidence of the presence m the water m question of decomposing organic 
substances, and therefore of possible excreta! pollution 

The number of species of aquatic fungi is small, and of these the only one 
which needs consideration m relation to the purity of water supply is the 
association of fungi, bacteria and protozoa, commonly known as the “Sewage 
Fungus,”* which may be found in streams and rivers into which sewage effluent is 
discharged The appearance presented by this growth is that of a dirty yellow or 
greyish jelly-like film covermg the bottom and sides of the watercourse in which jt 
occurs, and which IS especially abundant where the current issloworthewatercourse 
tortuous It may be found growing plentifully in drains which carry off the effluent 
water of sewage farms Wherever this fungus occurs, it is a certam sign of the 
presence m the water of a large quantity of organic compounds and, therefore, 
of possible pollution either with sewage effluent, or perhaps with raw sewage 

Fauna of Water Supplies Members of all the chief groups of fresh- 
water animals are to be found m one or other of the various sources from 
which water supplies are drawn They may gam access to purification plants 
at waterworks, but rarely cause serious trouble m these In the past, before 
the sand filtration of public water supplies was universally adopted, there 
are several instances where Sponges, Polyzoa and Mollusca are reported to 
■have flourished abundantly in service pipes and mams The sand filtration 
of water effectively excludes the minute larval stages of these animal types, v,hich 
can pass readily through the strainers used to stop the grosser inclusions of natural 
waters Should these larvae, on the other hand, gam access to the water pipes, 
1hey may lodge at suitable sites and develop into the adult forms The latter 
feed on Diatoms and other Algae which arc invariably present m unfiltered 
water, and may multiply so greatly as to seriously reduce the capacity of the 
pipes They afford lodgment, too, to a whole host of organisms which would 
otherwise be swept on by the current, and when members of this pipe fauna die 
their decay pollutes the water and favours the growth of saprophytic bacteria 
The common freshwater fishes are usually to be found in sources of w’ater supply, 
«uch as rivers and natural lakes They arc thought to exercise a beneficial influence 
on the quality of the water, in that they feed on the smaller plant and protozoal forms, 
and so possibly limit the numbers of these For this reason, artificial impounding 
reservoirs for the storage of water arc commonly slocked with fish, generally trout 

HARDNESS OF WATER 

The term “hard** describes and owes its origin to the hard or 
hnrglTl^^ng tliat I S obtained when soap is rubbed up with certain 
waters that do not'rcad^ form a lather _The description "soft” kT 
mv^rTto' waters that Ibrm aloapylJthcr mth ease, and which ha\c a 
Since a ha'rd water docs not rcndil> form a^ialhcrwitb soap, 
while a^soft xtatcr docs, jt follows that -more soap wiH be required to 
* Sec Butcher, R W <I932) Contnbuhon to Our RnouIcUgc of the EcolotG of 
Sewage I ungiis, Tnv t Snt mia/ joc , 17, 1 12 
•t Sec **ir«/rr Softcnln ” Report of a Committee appo nted by the Nfni rcr of 
Hcnlih HMSO l«49 
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produce a lather in a piven quantity of hard water than m the same 
auSntit\ of solt vater, on the decree of hardness, therefore depends 



salts m solution which react with soap to prod uce an insoluble curd 
or scum of calcium and magnesium soaps . it is removed, and the water 
rendered soft, b> precipitating or otherwise removing the calcium and 
magnesium from solution The calcium and magnesium salts which 
are found most frequently in natural v-aters and which impart to them 
this property of hardness are — (a) bicarbonates and (6) sulphates and 
chlorides The bicarbonates are common constituents of natural w aters 
and are introduced through the solvent action of water containing 

dissolved carbon dioxide on calcium and magnesium carbonates 

CaCOa+COj-fHjO = Ca(HC 03 )j 
MgCOa+COi-rHiO = MglHCOjlj 
These bicatbonates are decomposed at the temperature of boiling 
water, carbon dioxide being evoUed and the insoluble calnum and 
magnesium carbonates being precipitated from solution - 

a(HCO,),=CaCO,-CO.THjO 
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numerically equal to parts of calcium carbonate per 100,000 of water, 
or “degrees of hardness .” Hardness is also expressed occasionally as 
grains of calcium carbonate per gallon or “degree s Clark;! ; this is 
a most inconvenient practice which is fortunately falling into disuse. 
Since one gallon of water wei^s 70,000 grains, the figure expressing 
grains per gallon can be converted to one expressing parts per 100,000 
by multiplying it by the factor 1.43 (or by multiplying it by 10 and 
dividing the product by 7). 

The terms hard and soft have never been quantitatively defined, 
but a rough arbitrary scale using these terms with qualifying adjectives 
has come into use. The following table gives a classification according 
to this arbitrary scale ; — 


Description Parts 

of CaCOj per 100,000 

Grains of CaCOj per 

Soft 

5 or less 

3.5 or less 

Fairly soft 

5-10 

3.5-7 

Moderately hard 

10-15 

7-10.5 

Fairly hard 

15-20 

10.5-14 

Hard 

20-30 

14-2! 

Very hard 

30 and over 

21 and over 


The Significance of Hard and Soft Waters. Hard or soft waters have 
been variously associated in the past with a number of pnvsioio gicaT 
disturba nces both in animals and man. Hard waters have b een held 
responsible for goitre, the development of renal calculi, dyspepsia ailt l — 
other gastric disturbances in the human subject, and dry, hard coat and 
gastric diimirhances in horse.s. Soft waters have been stated to reduce 
‘nie'rat e'of'^cification of teeth in child ren, resultin g in dental caries 
uTTater lite! This association of physiological disturbance and the 
relative haruness of the drinking water has been the subject of con- 
siderable investigation in human medicine and it is now recognised 
that so far as general health is concerned the extent and nature of 
the hardness is without effect. Suckling* summarires the present 
standpoint as follows ; — ^“Wc have examined thousands of their 
reports (i.c., of Medical Offiects of Health) for counties, boroughs, 
urban and rural districts, and we have not found in any single instance 
a medical officer who has reported any difference in the death or sickness 
rates between districts supplied with hard or soft waters." 

On the other hand, hardness does affect the suitability of a sratcr for 
a number of purposes other than drinking, and for which purposes pre- 
paratory chemical treatment of the wat^'sjigsi mhle or even e ss ential. 
When water is heated-SuBicicntlv t0..dri^ OlT tlic CO., tlut-calcium and 

magnesium_carboi^es_are-pccdpilflt rd forming the -lTorax-in kettles 

„„Vi Soifrrs'; ^Boiler scale” is due to the deposition of ihc_sulphatcs. 

Vi\cirr 
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comerting the calaum zeolite, CaZ, back to its original condition as 
sodmm zeolite, NajZ — 

CaZ + 2NaCI = NajZ -f CaCIj 
JhK secnnd reactio n, whereby the e xhauste d cal cmm zeolite is 
recon\erted to sodium zeolite, is called “regeneration” The _t wo 
reactions can be earned out, intermitten tly over an almost indefinite 
period , the water softening zeolite known as “permutit” losing only 
about 1 % of Its activity after some 200 cycles of operation 

In the zeolite system of water softening all the calcmm and 
magnesium m hard water is replaced by sodium, so that both temporary 
and permanent hardness are remoNcd m a single operation by this 
process The replacement of the lime and magnesia salts by an 
equivalent amount of sodium salts results in an increase in the 
alkalmit> of water softened by the permutit process, and doubts were 
at one time expressed as to the wholesomeness of such alkaline waters 
Experience has now established the fact that these softened waters arc 
perfectly wholesome, and indeed they arc probably better than the hard 
waters from y,h,ch they are denved The popular table waters such 
as uamral seltzer water" and "Apollmans water” contain oon- 
siderable quantities of sodium salts in solution, and are appreciaWv 
more alkaline than waters softened by a baseexehange process 

BcsidB posseismg the property of base^wJtap^ Ih.v 
exchmse an exchange reaction involving aid ra^i* 

.he me of these snbwance, hard watem.™ evm sea^f*’ “ 
a pimty apptoaehing that of disulled water and ^ '’™“Eht to 

fr^ucnll> utilised to produce a punfied waier f ^ * plants are now 

c^icallaboratones These plants comprise iw„ hT 

chcin^lly irnpu„ waters entenng the ^fost 

replaced by hydrogen an acid water thcrefr. dissolved bases 

reaaion _ “««fore being the product of this 

CaSO« + H,Z — , 

calcium hydrogen caV ^=^0* 

sulphate Koht^ <»kium sulphunc 

a«d shmer enters the second unit and .. 

Tor teKncration of ihe reoln™^J,J^ ** removed it nLs^^^bv"’'’ 

HoOi -l. 7 

sr- r„h°- = »-“r 
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pronoxmced corrosive act ion The substances present in natural waters 
winch are responsible for this corrosion of metals may be divided into 
three groups — 

(i ) Substances which are acid in nature such as carbon dioxide 
and peat (i e humicl acids ~ 

(u ) Substances which are alkaline m nature such ns sndinrn 
carbonate 

(ill ) Soluble salts, particularly the nitrates and chlorides of sodium, 
calcium and magnesium 

The first group of s ubstances can be said to be corrosive of all, 
metals, b ut those principally affected are lead, iron and vmr copper 
and bronze are affected to a lesser degre e The corrosive action of 
tKese waters on lead and zinc has received greatest consideration owng 
to the poisonous nature of these metals and the fact that almost all 
domestic supplies come into contact with them at some time during 
their passage from the reservoir to the consumer 

Leai. , Waters exerting a corrosive action on lead are termed olumbo- 
sol^nt The natural waters which are chiefly responsible are upland 
surface waters containing 'dissolved carbon dioxide and humic acids 
and containing little or no calcium carbonate m solution Such waters 
are acid, their pH values varying from about 6 8 to 4 5 , their corrosive 
action increases rapidly with decreasing pH value 

Si nce lead is a cumulative poison the maximum amount permissible 
in a d rinhing supply must necessarily be extremely smal l No actual 
Timirhas been definitely fixed but it is recommended that tlie amount 
of lead present in a domestic water supply should not exceed 0 01 parts 
per 100,000 

It is important to remember that the lead solvent power of a water 
is not constant but vanes with a number of factors New leidjjipEs 
are attacked bv all waters , whe'her hnrd nr snO hut g proterltyR ennt 

of insoluble ba sic lead carbonate rapidly forms under the influence of 

frvWTTsiatpr so that the amount of lead dissohed bv them dimimslies 
xvitii time The acidity of upland surface waters varies with rainfall 
fiufiilg^nods of dry weather the acidity of the water held in the 
groimd surface increases and the first rams following tliese dry periods 
displace this water into streams which become charged with water that 
IS aery acid and therefore highly plumbo solvent The acidilj of 
this water falls after the ground has been washed with continuous ram 
T he plumbo-soUent action of wal ers -cnn be climin iicd by trcai i np 
lirsib with .alum to coagulate the peat .acids, .and aficr fillralio n 
in order lo remove tlic coagulUm w nh lime to remose the extess o f 
carbon dioxide acidilj The two operations are frequenth c.amcd oui 
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uhlch become thro\\'n out of solution when the water is heated under 
pressure The wastage of soap when hard water is the onl> water 
available for washing purposes is \er\ great compared with \ hat it 
would be if the water were moderateh soft With hard waters the 
waste pipes from kitchens and lavatones become coated with the 
insoluble stearate, palmitate and oleate salts which on decomposing 
make the pipes foul Synthetic detcrg'mts are unaffected b} hardness 
m water and no preapitation occurs when thev are used 

For rakmg solutions of d srafcclnms, sheejvd ps and for similar 
purposes a soft water should be used 


Tre3iment.nmaipnser As hard rsatrr is generallj unsmt- 

“'.s T?" '"<*“5^31 purposes, measures are taken to 

remote the hardress Temporan hardness can ho reiao, h. 

wh^ onl^smalUoaimTies 
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solution. In practice the quantities of lime and soda required are 
accurately computed following tlie chemical analysis of a sample of 
the water to be treated. 

Ferruginous waters may be also freed from iron fay the lime-soda 
process, and are usually treated in this way. The base-exchange process 
to be described is not suitable for ferruginous waters. 

2- Sofienine hy Base ExcUame. Reference has already been made 
(p. 15) to a natural process by which calcium and magnesium salts in 
s olution jn w.iter .ire cnnvprfi vl to saiitm' salts hv a so-called base-" 
exchange reaction . This reaction is utilised for the l.irgp-srale tnrteni'ni> 
o t industrial and domestic supplies Th e process relies on the 
c haracteristic nronertv of “ion exchange” po ssessed bv certa in 
n aturally occurring m in erals such as clay and other alumino-silica te 
minera ls, a nd by synthetic materia ls such as tlie artilici.'il ali i min o- 
silicates, ac id treated coa l and c oke, and bakelite resin s ; such com- 
pounds possessing ion exchange properties are called “zeolites.” The 
zeolite which is most widely used in water-softening plants is known 
as‘“Permutit,” an alumino-silicate which may be of natural occurrence 
or artificially prepared. 

The chemical reactions involved in ion exchange is summarised by 
the following equation : — 

CaCHCOjlj -1- Na.Z CaZ -f 2 .NaHC 03 

Calcium Sodium Calcium Sodium 

bicarbonate zeolite zeolite bicarbonate 

The zeolite, “ Na.Z." is an insoluble, and in use an almost indestructib le, 
compound which removes r alciiim an d mamesj ii m ions from w ater 
solution, repl.sein g them hv sodium . The two directional arrow in the 
centre of the equation denotes the fact that the reantinn is reversihle 
the direction in which the reaction proceeds depending on the con- 
ce ntrations of the re.aciing .substanc es. Thus if the concentration of 
calcium salts in the water is high, ns if is in hard water, the reaction 
fr/,Tn left m riehr~c^ iim is repla ced hv sodium and the 
\vatcr is softened. On the other hand a concentrated solution of sodium 
salts xviTl c.aiis rthe reverse raction to take pl ace .and sodium will now 
di splace calcium from the zeol ite. 

Both reactions arc made use of In practice. The rc.iction from 
left to right proceeds during the softening of hard water, but a 
stage is rc.ichcd when all the sodium held by the zeolite li.as ticen 
replaced by calcium, when further softening ceases. TIio 7epLj.i£_i< 

■then treated with a strong solution of brine (t.e.. s odium chloride) 
which causes the reaction to proceed now from right to left, thus 
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raising the ox>gen content of the middle layer The bottom of the 
reservoir is frequently devoid of axailable ox>gen and is the site of 
anaerobic decomposition of organic raatcnals To avoid the removal 
of the tainted water from the bottom of the reservoir, and the filter- 
blocking algae from the surface, means arc usually provided for draw mg 
off water from the reservoir at pomis between thcit, layers 


Filtration. \Vhile the mere storage of water m reservoirs and sen i ce 
tanks considerably improve^ its quality and ap pearance, it is not m~ 
Itself a sufficient safeguard when the water is to be 
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or sodi um aliira inate. I n both cases tlie aluminium salt is hvdrn lvsed 
to aluminium hydroxide which settles rapidly, drag gi ng with it at th s 
same time the organic matter dissolved or suspended in the water. 


Bacterial contaminationisjargelvixcmnyed ^ this procedure and the 


ermits of a more rapid and 


ef ficient filtmtion »;iTh<:ef| iipntly. 
mpure water when it has been 


colour, taste and odour. Its organic matter is reduced and its bac 



found in storace'''fEScrYoirs and which, if they gain entrance 


nin es and cistems ^ca use much trouble and spoil the appearance of t he 
■water. The film is sometimes impaired by the burrowing of worms, 
s mall eel s and stickleba cks, so that on occasion water may pass through 
only partially filtered. Gas bubbles, the result of animal life in the 
film, may leave a ruptured surface on the film when they break loo se. 

While the purification of water for domestic use is very important. 
the same precautions need scarcely be taken for farm animals or for 
general use on farms, were it not that impure water, when used for 
tvashing out dairy utensils, may be the means of starting an epidem ic 
ofjjgihoid or other water-borne disease. 

If water containing much suspended solid matt er, or — 

is biibitiinllv drunk by animal s itTeaves an ever-incr easing deposit of' 
mica Xrc. in t tie~airmeritarv tract! This is araus k-ot-colie,- 
ydnctiniTtlnTi anri in th^a se of mica which forms acoating on the 
Tn.auimdtTnn. Water of this nature can be roughly 
he nnssina it through a gravel and sand bed or, in cases of 


emergency, through coarse canvas. 


ChemiegLSiiliUsaiion of water aims at the destruction of all non- 
spnin^ing path ogenic organisms, particularly those of intestinal 
o ngpv^uchmav'Be'pt ssi mt in itT 

r — sten'U^tion'of watgy, whether on a large or small scale, by tlie u se 
of chemicals should always be preceded fay some form of filtration s o 
to re move the'grosser particles a Lorganuunaapr. The chemira f 
giitolSnceuscri for sterilisation must not impa rta disagreeable iSsTeTo 
the water n or make it harmful to animals or p e 

power to cflect its purpose. 
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simultaneously bv adding a mixture of alum and chalk to the uatcr. 
Where such chemical treatment of potentially lead»sohcn t y.itCT<i is 
difficult or im practicable, the use of lead sen i^ pipes or Ic i^lmcd 
st orage containers must be avoided 

Animals or people drinking water that has been con\c>cd for any 
distance m lead pipes, or which has been stored m Ic.id cisterns or has 
stagnated for anyperiod in lead pipes may, if the uatcr is Icad-soKent, 
take into their bodies minute quantities of lead Lead. liouc\cr, is 
cumulatne, so that if water containing the merest trace of lead be 
habitually drunk there may come a time when toxic cITccts will be 
produced and symptoms of lead poisoning will become apparent •. 
Serious cases of lead poisoning have occurred m both animals and mam 
and the ca^e and natare of the illness has not al»a>s been suspected 
An outbreak orplumbism m horses illustratnc of the Icad-sohcnt 

consequences re'nUin f^m 
failure to diagnose the condition is recorded by Hugh Bcce f The 
■water was drawn from a lone ciremt of i.» i 

morning and run into a tub, thus the horses 

had been m contact with the lead thromih .k " "“let that 

had been run off - dwas fo^H , ® '’'f'’™ any 

100000. «hile water sampled after theTprhaS^h 

minutes contained only a trace -Tw™ *>ccn running for ten 

had to be destroyed Twenty-four horses eiihcr died or 

is readily . 

therefore can be regarded as wholly non-c^os "'“•'tt 

As enormous quantities of serwee nine, regard to zinc. 

' ' > zran-coated iron, the ques^n ofZ- u 8a>™mscd iron 

anywhere m t. j ** to show th » ^ these 

ch"na,ed rai'’” r' 

admimstered to a ^ f-'T'y heavy do! '<> bs 

tBeecH <,„s) 'I 

‘ ® top c,t 
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3 tjarts per 100,000 have been consumed over prolonged periods without 
ill effect It may also be noted that zinc-lined troughs are used exten- 
sively without apparently causing illness in animals. 

Natural watL generally dissolve zinc as the soluble bicarbonate, 
but voters that are alkaline due to the presence of sodium carbonate 
may dissolve it as sodium zincate, and waters containing an excess of 
Srides or nitrates may dissolve the zinc as the soluble chloride or 
nto te or as a soluble double salt. The amoimt of zinc does not 
gene ally decrease with time, which means that no protective coa 
generally „nHpr the influence of natural waters as it does 

forins on amount brought into solution may 

m the case of kad extent that 

increase with t ^ , conditions galvanic action 

exposes tlm “ tke dirolmio“ of the zinc. The zinc-solvent 
occurs bo reduced to negligible proportions by 

neutralising the acidity with chalk or magnesite. Other zinc-solvent 
waters arc not affected by this treatment. 

PURIFICATION OF WATER SUPPLIES 

— Large ScalePuRIF’CATion 

• of a “pure and wholesome” water 

The ^TXTho supply of water that has been treated 

supply are generally met by th pp y^ ^ other factors, e.g., 

so as to ensure the absence of ^thogc ,vater having 

relative hardness, c‘c., affe g question of purification 

'LiConSnse^ofirSS^ 

- . - 

riipmi cal Sterilisati og- • 

■ Tllkk in laree open reservoirs is practised 

The storage of natcr_^^..__S^^^ ^^0 lullils uH 


f Sally' as of ^espeada 

imnortant f«nct‘on_as_a_wiffJ--— immTre scdimeiu also clUTRs 
SHwrlluIIimtncimi^E^^ comamini.— 

rcspirjg 

^Tsar?flecnh£remwg_ofjn^ ^^ P b- gSFlaFTlHI^rthTjxygcn,, 

fmroduccdjnto_U!c_y;ai!,! 
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The stenUsmg agents frequently ticyH fr»r ihr tr ettment o f 
p otable -vs aters are cho ^nrine n7nn& Chlorination is more generally 
applicable and is cheaper than 07oni<;itiQn_ aUhongh the latter process 

.possesses certain advantages oxer the fnrmrr" In both' processes the 

essential feature is the introduction into the water of the sterilising 
agent in such concentration as to Icatc a small residuum of free agent 
after a contact time between agent and water of sufTicicnt duration to 
ensure destruction of,pathopenic bacteria 

Efficient stenlisaiion can only be carried out in water free from 
sus ^d^ organic 'roal trf, since Mclcria embiddi-d m ? .n ilf< n f 
organic material may not b^lSchal b> the slcnlismg ni-,m Alt ^' 
organs matter reduces the efficiency or moil cl'cm.rnl 
disinfecting agents, the conccnlralion of Hfnlu.n,. 
tUc destruction of bacteria being reduced rapidlv tonc^cihl7 nro- 
portions ^ ® * 


Chlorination is cssentiallv iha addition of “free" 
chlorine to water . it mav .i.. — — ^ 

h T po^hlor lir or a 's 

scale practi^while sodium hjp^ritc and^h " 

^^Ise m small scale sterilisers The uso recot-mslri pov-dcr find 
treatment of water by free chlorirc are Procedures for the 

chlonnaiion chlorination and super- 


— '‘uiuuns, real 

concerned, but Sr ‘’“’"'"'“n b> 
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are not available or their use is inconvenient). In this process ehlorine 
is introduced into the water to a concentration about ten time s that 
used in normal chlorination. Rapid and complete sterilisntinn ic 
etiected in a lew minutes, but the treated w,ifer rnntnin'! n vi-nr Emh 
residuum of free chlorine an d must be dcchlorinated . Sulph ur dioxide 
(in large scale practice; and sodium thiosulphat e (in small scale 
practice) are the dechlorinating agents in general use. The advantages 
of superchlorination lie in the very short contact time required for 
sterilisation, and also in the fact that as the Itigh concentration of 
chlorine t ends to oxidise organic matter comnletely there is less fen- 
dency for taints of the chlorphenol type to develop. 

CMoramine. A combination of chlorine and ammonia is now widely 
used for the sterilisation of water. It is less affected by the presence 
of organic matter and its sterilising action is more prolonged than that 
of chlorine. Its only other advantage over chlorine is that it does not 
to the same extent give rise to iodoform arid chlorinous tastes in the 
water. Its bactericidal effect is. however, very much slower than that 
of chlorine and lo ng contact -is the refore necessary, which in many 
circumstances is a gecigea arawDack to the use of chloramine . 

OzoNiSATiON. Ozonisation is practised in this country chiefly for the sterilisa- 
tion of swimming bath water. It is generally preferable to chlorination for this 
purpose as no objectionable taste or smell is imparted to the water. It is of interest 
to note that the efficient sterilisation by ozone is due in part to the presence of im- 
purities in the form of oxides of nitrogen which are more loxic to bacteria than is 
ozone itself. The wider use of ozonisation is prevented by the high initial cost 
'of the ozone production plant and the high consumption of electric current by the 
plant in use. 

Small Scale Purihcation 

Boiling. Except for domestic purposes or for the sterilisation o f 
very limited amounts of water, boiling is impracticable in— most 
cifciimstances. as Idr liSmtce in the supply of water to a dairy fa rm. 
~ei.';i;r „T ic however of nreat value When tli e r eds. rR,a . snn tn - bel ieve-that 
'file liTt^tif a puMic supply have become temporarily faulty or whem 
floniirug. surfacelrater has gained entrance to wells_ . 
o'l- epriniTs Wh en swli an accident as the latter occurs, warning is ■ 
usually given l ^The turbid appearance of tlic water. 

CMorinatian is the best method for the routine treatment of small , 
supplies of water, the chlorine being readily obtainable in the form of , ' 
• cldbricTe ' ^ i"-'- (hlen'ehing powder). The latter should be added to the 
•STi;; in .suciTquantity that free chlorine will be available to the extent.., 
ygnTOSt one part per mlllion~5rwatcr.. This may be done by tirsL - 


V.H. 4 























Tlow adopted to give a protective coating for the interior o 


water mainl 


service pipes and for tiie distribution of water inside buildings, but 
where the use of lead is inadvisable because of soft or acid waters. 


service and supply pipes should be made of galvanised (i.e., coated 


with zinc) wrought iron. 

Service and supply pipes should be laid underground at a depth 


sufficient to protect them against the effects of frost ; this is usuall 


at a depth of 2 feet 6 inches. They should not be laid on, or through, 
polluted earth, or in contact with any substance liable to have a 
'corrosive action upon them. These nines have frequently to be laid 
bv side with drains 


great harm will result but wherever possible this practice should be 
avoided. These precautions are necessary in case of a defect arising 
m a water-pipe through which polluted ivater or air may be drawn into 
the service pipe should a negative pressure be produced within it, 
as will happen for example when the pipe is emptied. In the case 
of an intermittent supply (i.e., where the supply is shut off for some 
hours each day, the pipes are alternately full and empty), negative 
pressure is developed in the empty pipes, so that if they are defective 
■pollution is especially likely to arise. 




of a cistern should he not less than Z . *? .ga l l on s, and i f .i t J s to h e iised - 
as a “free” cisteni^(<?.g., to supply a hot-water system) as well as a 
OSes, its capacity should not be less than 







nnd cooper nre also u seo . rrwu lu p yyjini ux vicw 
r,iir;tv O^e water, slate or elazed fireclay wo uld be excellent materials 
storage cisterns, but owing to their weight they are impracticable 
Tn biiiidl^s. It is also difficult to make satisfactory joints with slate. . 

ThT j^i^ion chosen for n stnraee cistern should be clean, accessible , 

well lighted well ventilated. The cistern should be fitted with a ' 
'du st-proof cover, and be provided with an overilow pipe of appropriate 
■ 5 ^ discharging into the open air. Tlie supply pipe should be taken 
Uirough the side and not over the lop of the cistern, and dorvn service 
connections should emerge at least two inches above the bottom to 
allow for sedimentation. Adste ni used for the storage of drink in g 
^vater ^bonld he cleaned out at interyals. Galvanised cisterns should 
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not be scrubbed out as this tends to remote the protectt\e coating of 

zme 

Supply and Storage of Water in Rupal Areas Farms, etc 

On farms and other premises m country districts not receiving a 
public uater supply t v.o methods are commonly adopted for obtaining 
s upplies from other sources, u z . (i ) from a well, in wh.rh case the 
ua^may be dislributed by Rrasitation. or. ,r this ,s not uoss.Mo i. 
(electric motor, lower power engine) force pump, and (ii 1 from o 

■f rom its source by supply pipes tr,Ve«r^ ■ Ite water ,5 conveyed 
dwelling homes, and on famST^o one or m3 sm^™ 
at comenient centres for distnbution 1 t. tanks situated 

about the farm budding and 
the Belds Troughs should be of the seif fillme ? 
cocks to present wastage of water ' " ® "“It ball- 

TOere rainwate r .. ,he 

J gersoir should be pla^5~^.r7 £^“',"/-i!;PP.I y. the sto rage 
tn brickwork fbV r ^ervn.r,. — ..Jftlm isto^ constructed 

Good, non 

Ihe !. "all The '•'"lansion 

rerut, Is’'^.^ ‘t «^%ontd"’r ^ 

surface and oiht^ - Precaution m..nt u ^ ^ »nthis waj 

co\crcdand the ton * Prevent 

^to. If PossSrt o arcSs^b 

te3 “ »1>"1 It lies abT ’ r ''= ‘“P 

I««'0irsin35ai„i- " abosc the . 


I With con- 
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must be well galvanised as rainwater has a very normsivs nrtlnn nn 

THE EXAMINATION OF WATER AND WATER SUPPLIES 

For the purpose of deciding whether a particuia r water supply is 
suitable for domestic use, or for use in connection with the hnnHIirnr 
and process ing of human Ibodstutls su ch as milk or meat, a detailed 
■ examination of samples of the water in niiestinn miist he made , THis 
IS done to ensure that water intended lor these purposes has not been 
subjected to excretal pollution of human or animal origin, that it 
contains only traces of organic matter and no injurious imparities, 
-and that mineral salts are not present in such amounts as to impart 
an objectionable taste to the water or render it excessively hard. 

A complete examination of a water supply comprises : — 

(i) A topographical examination of the source and circumstances 

of the sunn lv- 

(ii) A bacteriological examination of samples of tlie water. 

(iii) A physical and chemical examination of samples, and 
. (iv) A microscopical exam i'flatibir “ 

The hyp ^ icTiie fpialitv of a water is best determined by submittin g 
■«iampleg_in_p h iieteri nlogica l ex3mm atiQn.-theJmmediate purpose of 
which is to determine whetoer the wat er has CeeH^abjeoted'Tb 
se-^gZaL-excretaU-pollution. The main~61yBcf uSaerlylhg' " ill 
bacteriological examinations of water supplies is to ensure that certain 
specific bacteria pathogenic to man — organisms of the tvphoid-para- 
typhoid group — are no t present in the wa ter. Direct search fondhese 
pa thogenic bneteria c an not be made as a routine measure, since th ey 
n sii.allv rain access to water supplies in only very small amounts a nd 
t he technical difiBculties of isolating small numbers of an organism 
such as the typhoitTbacillus from contaminated water are very gre at. 
Consequently an indirect approach to the solution of the problem has 
been adopted. Since organisms of the typhoid-paratyphoid group are 
liberated in the excreta of persons harboiiring them in their intestinal 
' tract and having regard to the difficulties of directly demonstrating 
the presence of these organisms in contaminated water, it is’ assumed 
for the purpose of safeguarding ivatcr supplies for human con- 
sumption that any water which has been subjected to excreta! pollution 
must be regarded as being potentially contaminated with typhoid- 
paratyphoid organisms, and ipeo facto, potentially dangerous. The 
problem, therefore, in the bacteriological examination of ivater supplies 
-now becomes one of applying methods, which must be relatively simple 
in their technical aspects, for the detectiin of sewage or e.xcretol 
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pollution Experience has proved this reasoninc to be sound m 
practice 

Dtirmg the last century methods were etched for tlic detection of 
organic matter m ttater hy chemical means, and further methods ttcrc 
etolved depending on the estimation of free and albuminoid ammonia 
chj^, nitmes^ and nttntes for dMiasnshing -between organic 
^e ^ flahl^ nn an In this tiay considerable 
snitfS- the 1 Punliobon of uater supplies but in 

spite of the large amount of tiorlt carried out it tsas found that these 
eh^ical tests vsere not sufficiently deheute or speafic for the d«e«,on 
of minor degrees of setrage contamination The etrber i ^ 

metho ds which uith the ncr hict cr iplog ical 


oacieuaupeaes. of known — — — “■■x^ucmonsirai 

thecohformgrou'irSS;^l^i^b^’j'^f7~^-^e“«”s or 

«tmintipesofthese^;ilS^???;“fS££!^^ Since 

. liact of m aii_ and animals. aoH h — ,|. ’>’= intestinal 

"'“^CMn^arau^y recenf^craar '^“‘'nce.lhat 

‘^“d or pajatjjhoiibacilh aaiu a S-teric group ,e 

‘‘“0”^^) he ^LT'” ^ ^nppll they are 

or '•.SrTheTe'f:;:"^ '"'-n 

toht^ubemrcotummg^^^^^^ 

pp USf,™"- «>■» ‘oe.er,„,„,J,-:::;«-n or .his suhte« 

From ^^hat has be 

of ch™, r™” the ‘"'=""5' or vtamr 

b^ct.„,„,:';'~.ys.s to .He re'^ -4>ets_^d.»..,™t,„g 

n tendm™. /‘tested '’‘‘“eL^gTcll 

"nter as a means of d!!,' '"’’’’““t on the ch '“”=t'ni« 
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public supplies would be impractical. In such situations the relatively 
less complicated chemical examination may be adopted either as a 
routine check on the hygenic quality of the water, in which case it 
should be carried out at regular intervals, or as a prelimmary step in 
the determination of organic pollution when this is suspected. In the 
latter contingency, however, the final answer can only be provided by 
the results of the more elaborate and time-consuming bacteriological 
examination. 

From the animal health poin t of view, the chief aimlication of 
chemical analysi s is as a mean s, fi rstly of determining the occu rrence 
of tlie~ normal cnnstitii eTUs nf Tuiriirnt w.alcr s in concentrations wh ich 
may be injurious to health, .and secondly of de tec ting the presence of 
unusu al impurities known nr presumed to be toxic , suc h as le ad, 
atsfinip, fl uorid es, cy anides, etc. In addition, certain natural waters, 
which are excessively ^gird and for _which_ preparator y soften ing is 
desirable - are un suita ble for the s olution of disinf e ctants and dips. 
The recognition of such waters is, therefore, of considerable importance 
for the effective and economical use of these preparations in animal 
disease control. 

Interpretation of Water Examinatinos. The interpretation of the 
results obtained from an examination of a water is not as simple a s 
th e chemical or bacteriological techniques e m ployed mieht suaa est. 
a nd calls for considerable ex uerjence-in jlhis-typ e of w ork. Bach 
sample submitted to i nvestigation m ust be judged on the sum total o f 
knowledge obtained by the topngtaphical and labo ratory ..exam inations 
considered in the liglit of experience of the hygiene of water supplies 
in general. Laboratory examinations, however complete or careful, 
can never take the place of a complete knowledge of the condiflons 
at the sources of supply and throughout the collecting, distributing, 
and storage systems. Matters like the propinquity of possible sources 
of contamination, the nature of the collecting area, and possible faidts 
Ju water-bearing strata constitute some of the information 
which must be weighed and assessed in reaching a conclusion. Such 
contingencies, too, as accidental cesspool leakage, casual contamination 
of gathering grounds, leaks in the distribution system and the effects 
of variations in the pressure in water mains or of temporary cessation 
of supply may more or less abruptly pollute a supply which had 
previously passed all the laboratory tesU. All such information is 
vital to a correct interpretation of the bacteriological and chemical 
procedures which are used in determining the hygienic qu.ility of 

must be emphasised that the laboratory examination of a water 
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on one occasion, or onl> at infrequent intervals, however favourable 
the results, does not justify the conclusion that the supply will never 
become subjected to pollution or that in the future such water will 
always be suitable for human consumption The impression of security 

^ r«i? T r pollution of a source of supply 

Avhether deep u ell spring or stream, is especially lihclj to arise after 
a prolonged drought followed by heavy rams, and m such circ^msancS 
a check examination on the quality of the uit/»r u 
on one or more occasions A 

strata, such as chalk or limestone, ,s alwais l.aMe i ua ^ 
if Situated m the vicinity of ccssnonk i pollution 

contammation This is especially hkely to ham" 

collecting area is becoming built up and “'"lying 

drawing water from greater dtslanc^ underi.ri[' “"rased pumping, 
to cope with a larger demand for water 
frequent examination to ensure the 

It be serving as a source orsupp^for; Ta >f 

Upland surface sources of supply^ where community 

examinations 

were not, present A*^Tr” organic chemical sub?” 

no. exeludrrZZt 'or”'^ otTZ"'”’ 

more important to Water^r^ ? 

occasional samples by a '““PlK by a T’ “ *0'’ 

rase of small rural s^mii “mphcaied test or sL ° ‘Inin 
’« IS obviom,™ nny xoutme eSu m the 

"cryprecaution Zte'^' i„ ^en by a simple 
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lOPOGRAPHICAL EXAMINATION OF WATER SUPPLY 


The mere examination of the source of a water is often in itself 
sufficient to condemn it without taking the matter any further. The 
examination of the supply and its surrotmdings is not, however, 
sufficient to pass a water as'“piire.and wlinlesnm e.” 

The observer should make it lus business to note the source of 


siipply_of t he nn Cnrrtic svjt h which he may he connected . It is 
true that fully to understand water supplies and the possibilities of 
their pollution a more than passing knowledge of geology is necessar y 
But it is also true that with but an imperf ect understand ing o f geolo gy 
one may acquire_much valua 




If the water is supplied from the p ublic water works, probably all 


that need be done is to note its de mee o^ -h, ardne ss. If very soft and 
acid, as when coming from moa^ nd. it is liable to attack lea d, and 
if it is conveyed in l ead pipe s it may be well to warn users of the ri sk 


involved. 


If the water is e xcessively hard it w ill probably be found that some 
provision has been made for the collection and stor age or min w ater. 
If this supply is drawn upon solely for domestic purposes, as for 
c lothes washing, no attention need be paid fr om t he vete rinary point of 
view, but if it is used in connection with the dairy or for livestoc k or 
■ for si milar purpose s, then the method 
be inspected and samples taken for 

laboratory examination. 

Rain water is sometimes ^med jn jm_undergrojmd_tank_to_which 


for th e making of sheep din s o 
and place of storage should 


is attached a so-called filter-bed th rough which the water passes before 
it enters the tank . This is an unsatisfactory method otstoring_water, 
as the filter rarely receives attention and soon gets foul. 


The topographical examination of surface supplies, i.e.. water fro m 
pmids, st reams, ditches and the like, is of gre at i mporta nce..iiS-these 
pA/Miiinrly liable to pollution from s ewage an d oth er 
r.h|i.ct;onnblR matte r. In country districts, drainage into a pond or 
ditch without any pretence at previous purification is often chosen as 


the easiest way of disposing of sewage. 

The examination of the source of supply shot ’ not be limited to 


the immediate locality from where the water ii drawn. It may be 

necessary to trace back a stream or ditch when pollution is suspected 
in order to detect the cause of the trouble, if such exists. 

Some sources of palpable pollution are difficult to detect, e.g., soil 
pipes discharging into streams and ditches arc sometimes so hidden that 
the most careful and tliorough search isneccssary to reveal their presence. 
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The possibility of shcep-dippmg tanks leaking or draining into 
streams and other vatcr supplies should be considered when a site is 
being chosen for their construction Prosimitv of a dipping tank to a 
common water supply is alwavs very dangerous and should not be 
permitted, as many sheep dips contain arsenic At least one instance 
IS recorded where the water of a stream supplying a public reservoir 
became contarmnated with sheep dip Trout were also killed off below 
the dipping tank, which was situated close to the stream in question 


ims-ssis^ins!- Tbe well-water supply of farms and of houses 
m country districts often leases much to be dSITaTrom to sum- 

sunk m any spot that happens to be "'"s arc often 

regard to proyimity of dangerous soil-wash 

nibble-hned so as to let in as much or "dls may be 

the object, of course, bemg to sasehib!u?L,d?“ '™'" 

and in proper Immg. On the other haeu staking 

that, because a well-shaft does not uctim'* understood 

to water collected is not nSsanl^m?," 

sunk to a suffioent depth, which ^l^'low well, if 

has the upper part properly ImM so as ? “"i 

water, ran provide a water of e^,L“ the real surface 

theweUistheaUunportantfaetoT oonstruetion of 

S Pollutioa, espeeialK 

of wheh ,s usually unsatisfactor °Wel ’ *= *omoge 

subsequemplt/onh'"""'”' 

Should t, i f drajninir fw. Possibility of 

tion,itisnecessarvtn to ® of bunal into 

to Muus^^a””'’^ ' npermission ofeontamina- 

surroundmTaleuS 'i"’ Rshen?^ '""n™ «• tom 

’“‘“^oftosubi.u'f oCned “f ground 

"^"•ondontodepthoftSw^ “ ‘''= 

Infra. 
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COLLECTION OF WATER SAMPLES FOR EXAMINATION 

Veterinary surgeons are called upon from time to time to collect 
samples of water with a view to their submission for bacteriological on 
chemical examination. The importance of correct procedure in the 
taking of the samples can hardly be over-estimated ; upon it depend 
the deductions wliich are ultimately drawn from the results of the 
laboratory examinations. Moreover, as the examination of a water 
supply is not infrequently carried out when a claim for alleged dama ge 
is contemplated, it is essential that the greatest care be exercised in the 
taking of the sample in order to ensure that it is not exposed to extra- 
neous contamination or other source of possible error. 

It must be emphasized that the examination of a single sam nle 
affords information regarding the condition of the water only at the 
time that sample was taken, and as mosLnaturaLwaters vary in their 
composition and degree of contamination with seasonal and other 
factors the examination of further samples may be necessary. One 
analysis of a particular supply may give very valuable information 
that would lead to the condemnation of the water that would otherwise 
pass without suspicion, notwithstanding the most careful examination 
of the source of supply. On the other hand pollution by sewage may 
be, and often is, of an intermittent character. Such intermittent 
not to animals, and it may escape detection if the sample for analysis 
contamination is sometimes of a very dangerous nature to people if 
is taken between the periods when conlamination occurs, A shalJoNV 
well, for instance, after a long period of dry weather may yield a 
water that on analysis would be described as “pure and wholesome,” 
but wliich, owing to faulty steining or other defect in construction, 
might be seriously polluted wth sewage matter washed through the 
soil after heavy rain. A newly constructed well would almost certainly 
be condemned if the hygienic quality of its water is considered only 
on the merits of a sample taken before the water that has collected 
during construction, and for some time after, has been withdrawn : 
time must be given for a new well to cleanse itself. 


Collection or Samples eor BACiraioLOGtCAL examination 


, The following procedure has been recommended by the Ministry’ of 
Health for the eolleetion and forwarding of water samples for hactcrio- 
logical examination* : 


Baclcricbstcal Examinarion of n'alrr Supphrj, Repis. on Puh. JIhh. 
" Med. Subjecis, No. JKRmbcd edit.. 19391. H.M.S.O. 
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Method of Collecting Samples 

^ Sample Bottles should tthere possible be obtained from the 
laboratorj performing the raminuiion and should be of good qualits 

“ ‘i'lLcBmLnationjSTeqmred, the 
hortejtmiadJje_jiLal!aut.2J^^ capaatv^ Md _5h„„,j provided 
;'jth3.®mnig!asisto£EihM^ r m to nro„o, ,u, 

bpjjLtIie-batdsJiomJa]l,na_particulale m atter m 1 !,^ , u 7 
eonmtn^tionutththeflnge^iSiiiT^^ 

or the 4=Qunce t\ 7 w Tin Mmfr i-^n hcuiq^shiould be 

^ Sterilizationof the sample bottles will hav.K™ . 

the laboratorj, either b> atitoclavinc or bv i 

s^ut to the person requiring ihet^ ‘'>'5' 

sampled^ZumT'or “s'^ >>= 

chlorine one or two small cry.tals of soT’ chio-amme or 

placed in the bottle prior to^nenlisatio^T^^^^^^^'" '>= 

' W 'if =« or these chemical ^g^f" of destroy- 

moment at which r^wed'fonn""'" ’’ c opened until the 

tho^d onno account be previ„?sK fl-ater and 

In colletumg the sample ca ' “'""S “mP'o 

P^Juig panicnlar attem ^ *’*’'** **i«outside nozzle or 

turn the “"«'ons7r ta:"""*' “f «■= '^P- 

2 or 3 minutes m order *= "^r to nozzle 

f'^lmtge stagnant wato ">0 -ntenofor *“'0 
^p cleanse the oatl " ” «“ «rv,ce “ozzle and ,0 


“■Charge stagnant water “* ‘"tenor or.if™ *=“'0 f° 
f p cleanse the oatl " ” «“ «™ce p™” "ozzle and t, 
eiih-r bv a blow '««> " clea^^loth 7r ‘"^OS olT th. 

‘ Slnlcd spint ,sn.i,e '^i Mabng a pi^e ^'coltto tb 

'‘‘"‘S.twuh^ '^““oonooli 

‘''"ha pair of tongs clot 
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to the nozzle until the whole tap is unbearably hot to the touc h. If 
the fp ;c niit nr Hnors an d ex2oscd_to air-curiaots, sterilizat ion is 
carried n .u more effectk ebLjay ineans..oLiL blnw . l a mp .llian bvmetly^- 
late dlpjn tT'Co '"' thp tap hv allowing water. t o nm to w as t e for a 
fe£s^nds ; and fill the sample bottle fro m a gentle stream ofjyater, 

taki ng care to jlYoid splashing. - i , r * 

bccasionail^ when the tap is fully turned on, a slight leak of water 
may be noticed escaping between the spindle and the.gland. This is 
liable to r an down the ou tside of thcJaE^andJw.gaining a.ccess^ 
sample, cause seriourcontamination. Under such conditions no sample 

should’be taken until the leak is remedied. ... r- 

Unless it is required to ascertain the bacterial quality of the water 
contained in a service or house cistern, the sample should always be 
drasvn from a tap connected with the main supply or as delivered 
from the ball-cock into the cistern. Cisterns are often madequatelj 
covered and the water is accessible to dust and to small animals and 
insects, kich as mice, birds, cockroaches, etc., resulting m contamination 

and bacterial multiplication. , v 

In collecting samples direct from a sUeanUm f- . reservoir, sj mig, 
or leeiL -the nt m irrnst he to obtain a sample that is reEf esenta- 

tive ^fthS^^r which will be taken for purposes of supply to he 
pAnsiimers It is therefore undesirable to take sample s too near the 
S^t'-I " f- the rioi nt-oLdrayyiiaff ; if this is by means of a 
bank, or sSd not be tatentoodeeply. In a stream, 

‘^nf retotive to the baii k 

otherwise foulhii^f the water may occur. ^ 
mustpe.^ rdcd agmn , f bottle should be rerooved 

In taking the ”, i,elrt bv the bott^ with 

the other_hand^ould b ottle should then b e 

the moutkierngJiiested 
rotate^ till the „ reservoir, a current 

direction away from the hand.^ and imme diately, re-stopo ered. 

carTsto^d-bet^il Lliat no . wat ix entering 
Throughout the E-— — contact with the hand, 
the o well that is fitted with a 

If*® jbeeld be continously operated' for at least 

Imiul pii" 'P’ *® is taken. The mouth jf the pump is then 

5 min utes before the ^ blosUamp, and s everal gallons of^e 

heated, Pf^f^^^^^J^r^TSTh^mple should be t aken by allo wing 

bottle. 
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If from a ^\ell from -which pumping ic ijjg sa^iplc 

should be collected from a previoaslj st erilized tnp »ti tii/ jna,n^ 
or from a near-by ta p prior to p assage of the water into a resenoir 
or a cistern. 

^ lE takmg a sample from a aicJUtom Ehich the Eater can be 
raised only by means of p^or can, the pail should be thoroughly 
ctensed and then stenja ed - h i- mea ns. of a bl oiv-lamn or b> pounng 
into It boihng water which is allowed to remaiSTr^ct for a few 
mmutes and then completely emptied out After sterilizatinn 

«<> >ouchth^„;;^■^" 

carefuLmaimer The stonner — iihdrawTi_jn the same 

the bottle being placed on a clean cloth'^d°filIed^™^ 
from the pail Great care shouirbe 

stopper with the Bngers, etc «ntammatc the 

tenter is several feet below the ground surf- " 

wdUquuSboml^J’°"^ 

™pplyTng"wi°e“ d.r^' from 'the"’^!^ *’' f » suitable 

5“;:"; -"--tSiis 

p„, , ' after rainfall 

fartra/arj ro be Supphei 

^ Name and address of pers h 

amplojed ’ " “Whed, pv^g , J is used, if anj, 

^‘^'Vhnteeoveredormmoveredandtheco 

construction of the 
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^c) Whether newly constructed or witlt any recent alterations 
which would disturb the conditions of the water. 
Con^ruction ; — 

(r.) Bricks set dry or in cement. 

(ii.y^ Cement or cylinder lined, and whether puddled 
outside the lining. 

(iiit')^ Depth of lining. 

(iy-X^Vhether bricked above ground surface. If so, 
height of coping. 

(v.) Method of pumping or other means of raising water. 

( e) Proximity of drains, cesspools, or other possible sources of 

pollution, and distance from source. 

(f) Any discoloration of the sides of the well, or other visible 

indication of pollution. 

(g) Nature of subsoil and water-bearing stratum. 

(h) When available, a section or drawing of the well and its 

general surroundings is desirable. 



If from a Spring, state : — 

(a) Stratum from which it issues. 

(i) Whether sample taken direct from spring or from a collect- 
ing chamber. If the latter, mode of construction of 


chamber. 


^ If from a River or Stream, state : — 

(a) Depth below surface at which sample was taken. 

(b) Whether sample was taken from the middle or side. 

(c) Whether the level of water is above or below the average. 

(d) ' Weather conditions at time of sampling, and particulars of 

any recent rainfall or flood conditions. 

(c) Observations with reference to any possible sources of 
pollution in the vicinity and approximate distance from 
sampling point.' 

Does water become alTectcd in appearance, odour or taste, after 


heavy rain. 

^0. Date and time when sample was taken and despatched. 


Time Inlenal belwcen Collection and Sxamination of Samples 
Owing to tlie rapid and often extensive bacterial changes nhich 
may take place in samples of water the shorter the time elapsing 
between collection and examination, the more reliable will be the 
results. All samples should therefore be despatched immediately after 
collection by the quickest route to the Laboratories, the time occupied 
in transit be'ing preferably less than.,25j>m!n.- 

If the time from collection of the sample to its delivery at the 
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laboratory is not likely to exceed six hours, the sample may be packed 
m a suitably insulated box If a longer time is likely to elapse then 
ice should always be used The ice should be placed in a separate 
ctosed container and not in direct contact with the sample bottle as 
this would involve grave risk of contamination of the sample 


COLLECTtOsi OF SAMPLES FOR CHEMICAL EXAMINATION 

Tl'^P'ovc'iureforthetakmgofvvalersamplesforchemicalexamina 

tion IS in essentials similar to that for the barter, otov r , 
but the following points of difference may beTote j 
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callr rleam If Cte but must be chem, 

making the analysis clean ones must he”il* '^boiatoiy 

thoroughly washed rinsed wiih ch,„ '^bosen these should be 
repealed r nsing with clean water nn-r m bml followed by 
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techniques used for the detection of sewage pollution of water supplies 
are directed to the demonstration of known excretal bacteria, especially 
organisms of the coliform group, and, to a lesser extent, f aecal s tren- 
tococci and Clo stridium wehhii . The reason for this greater concen- 
tration on the cnlifnrm barilli is partly beca use of the greater eas e with 
which they can be demonstrated by cultural methods, and partly 
because C/. welchi i has been found to su rvive considerabiv longe r in 
water than members of the coliform group. The presence therefore of 
this organism alone in a water sample may indicate a fillution more 
distant in time than is the case with members of the coliform group. 


Coliform Bacilli. The coliform bacilli constitute a group of organisms 
of diverse origin . Broadly speato'ng, there is one group, ‘or more 
correctly sub-group, of which the characteristic member is Bact, coiL 
whose natural habitat is the hiim.m and .mi m.-il i ntestin e ; apa^from 
e xcretal contamination, it is ’ rarely found outside the animal b ody. 
Members of the other sub-divisions of the coliform group appear to 
have their pri mary habitat in the soil and on v egetation and m ay, 
therefore, be regarded as saprophytes ; these comprise the .Eact. 
a erogene s and B act. cloacae sub-group, the so-called intermediate sub- 
group,~and a f ourth or irregular sub-group of organisms that do n ot 
fit clearly into any of the other three gro ups. Al l four sub-gro ups 
m ay be found in sewage . 

The organisms of Ae aerogenes- cloac ae and inlcrmgdiate.sub-groups 
are commonly referred to as the I.A.C. (i ntermediat e— aerogenes- 
cloacae ) group. Organisms of the I.A.C. group are frequently found 
’in the jptestinal canal o f man and animals, to w hich t hey gain access 
via the food and drink, but they are seldom present in this situation 
in numbers equal to those of the typical Bact. coli. So far as is known 
the typical Bact. coli (or type 1) docs not normally lead a saprophytic 
existence outside the human and animal intestines. It is tlic dominant 
organism foimd in faeces, and for this reason is commonly referred 
to as “fa ecal c oli," whilst tlie I.A.C._ group is a!fe xt£d_tP.. fls “no n- 

The observations of various workers suggest that at ordinary 
temperatures members of the I.A.C. group tend to survive longer in 
water dn faecal coli- tliough factors other than temperat ure 

ntnv .T determining the relative length of surviv.a l 

af Coli docs not normally live for any 

length of Urn ,, mnside the intestinal tract of man and animals, th e 
prSenee"5nius organism in tvater can be regarded as SlmsJTceinin 
evidence of recent c.xcretal pollution of human or animal origin. The 

— V.H. 5 
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further significance of the coliform group as an indicaticm of the 
nature and time of pollution vill be returned to later It may be 
mentioned here, hoi\ever, that there is no_yeiy satisfactory methj>d at 
-pr esent for , d istin guishin g between faeca l coh n f hnma n-nrigm on 
The one hand and thos ejiC animal origin on the other A consideration 
of the topographical circumstances relevant to the water supply under 
examination may sometimes help m assigmng faecal coli to their 
probable source For example, in the case of upland surface waters 
where sheep commonly graze the gathering grounds and in the absence 
-of any known sources of human pollution, the faecal coli isolated from 


samples are in all probability of animal origin A similar conclusion 
•may sometimes be am\ed at m the interpretation of the bacteriological 
findings m the case of a well or stream water, where the topographical 
sur^ey on the spot indicates excretal pollution by livestock and, as iar 
as can be seen after careful investigation, there is little possibility of 
contamination from human sources 


a ^nndmm JVel chu. This otgamsm is normally an intestinal 

poll uuon ha s o cairred. amt the faMaI_ 

of memb ets of thTToliform arni.n ”'0 absence 
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■yielded liy tlie test for co liform ba cilli. Other workers, on the other 
hand, believe that it has a considerable value in assisting the interpre- 
tation of bacteriological analysis when the results of the coliform test 
are irregular or indefinite. Thus, for example, when it is uncertain 
whether certain irregular types of coliform bacilli are or are not of 
faecal origin, thp accompanying presence of faecal streptococci will 
constitute presumptive evidence that the irregular coliform types are 
'derived from faeces. 


The Coliform Test 


The bacteriological examination of water supplies for organisms of 
the coliform group comprises the most suitable and the most generally 
upplicahlfi-test for evidence of pollution. The complete examination 
■comprises a number of se parate procedures, by wh ich it is possible not 
only to demonstrate the presence of coliform bacill i, b ut also to as sign 

of this booh to describe the techniques used in the bacteriological 
examination of water, but some information of a general kind will be 
given as an aid to the understanding of bacteriological reports on water 
samples submitted for examination. 

The cAmpIf-tff te^t for-noliform bacilli comprises the follow ing 
procedures— (i.) th e presum ptive coliform count, (ii.) t he different ial 
c oliform tes t, (iii.l and (iv.)^and plate counts a t Zy C.'and 371C.^ The 

consideratio^ ^ the relevant details pertaining to the circumstances 
■under wliich examination of the water supply in question became 
necessary. The importance of supplying as full particulars as possible 
when forwarding samples to a laboratory for examination can, there- 
fore, be readily understood. 

By the plate countsjitJ2ZC, and 3 TC. . the total number of viable 
prr unit volume of sva terJsjietennined. Most of the bacteria 
nromn g at 22°C . ate saprophytic types which aoLnorupathogcnic to 
human beings or animajs It may be thought that th e plate coun t at 
22’C. is immaterial so far as judgment of the hygienic quality of the 
umer is concerned; to some extent thisjsjtrue, but it mtiy be pointed 
out that this count a(rcu:ds..SDme indicatiQn_nrJ!rstly the amoun Lof 
food substance available for bacterial nutrition, and secondly the 
amount of soil, dust and other extraneous material canying bacteria 
TS-ith it that has gained aeccs.s to the tratcr. On general grounds the 
greater the number of organisms developing at this temperature, the 
larger is the amount of available organic matter present, and tlic less 
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suitable is the water for human consumption The bacte ria developmgr 
at 37X on the other hand, are mamlv para sitic or_p otentially p ara- 
sitic, t ho ugh not necessari l y pathogen ic^ tVTies derived fro^soil, sewage 
or excretal material, and must therernre he P5 of the 

p ossible presence of patho genKUypcs- such as members of the typhoid- 
paratyphniA group 

The presumptive coliform count, together with the differential 
CThform test, is by far the most dehcatc index of excretal pollution. 
These tests are earned out on a quantitative basis and the results 
reported, ^cording to the most recent recommendations, in the 
follow mg manner — 

and >" 100 »'■ 

and fi) Probable number of faecal cob present m 100 ml 


Interpretation of Bacteriouwical Examination 
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Tnaterial at a time sufficiently distant to allow faecal coli to die out ; 
( c) contamination of the water with the excreta of a person who is 
• ■ discharging the I. A.C. in almost pure culture ; this must he relatively 
uncommon ; (d) inadequate treatment of an initially polluted water 
with chlorine, which has only succeeded in killing off the more 
susceptible faecal coli. Which of these explanations is correct can 
he determined only by inquiry into the source and history of the 
water. 

(3) Tlie finding of a high proportion of faecal coli among the 
■total coliform organisms is indicative of heavy or recent excretal 
pollution. On the otlier hand, a result showing that the majority 
of the coliform organisms appear to belong to the I.A.C. or to 
irregular types may be regarded as indicative of a slight, infrequent, 
or remote excretal pollution ; or perhaps, if no faecal coli are 
present at all, of simple contamination with soil that may or may 
not have been excretally polluted some time previously. 

■ (4) In practice it is unwise to neglect completely the presence 
of organisms of the I.A.C. group. Even though no faecal coli can 
be found, tlieir presence may indicate a minor degree of pollution 
which at any time might become serious. Their appearance in a 
water, particularly a deep well water, from which they are normally 
absent, sometimes heralds the advent of pollution, and enables steps 
to be taken in time to stop further pollution or, if this is impossible, 
do protect the consumer by suitable treatment of the water. 

(5) In general terms, the presence of faecal coli denotes recent 
and possibly dangerous excretal contamination, which must be 
urgently attended to. The presence of I.A.C. in an untreated 
water suggests less recent contamination, which though not 
immediately dangerous is nevertheless sullicient to call for further 
steps towards obtaining greater purity of the supply. The presence 
of I.A.C. in a treated water suggests eitiier inadequate treatment 
x)r the access of undesirable material to the rratcr after treatment. 

“SUGGCSTCD Classification of Waters” 

“The bacterial flora of water is determined by so many factors 
which vary from one source of supply to another tlial it is impossible to 
lay donm hard and fast standards for svaters as a whole. The aim must 
rather be on the basis of frequent examinations, to establish a standard 
for each individual water, departure from which may be at once wewed 
with suspicion. Nevertheless, experience has shown that it is justifiable 
to e.xocct waters intended for public supply to come up to a certain 
standird of puritv. The particular standard laid down must vary 



54 


VETERIKARY HYGIENE 


TMth the tj’pe of water— deep or surface water, filtered or unfiltered,. 
chlonnated or unchloruiated The standards must not be interpreted- 
too ngidly ; on the other hand, no serious departure from them ought 
to be viewed with complacency. 

“Since the apparent number of or^nisras present is subject to- 
\anous samplmg and technical errors, the use of quantitative data is 
apt to be misleading to those who are not fully cognizant of the 
limitations of the technique employed For this reason we suggest 
that on the basis of his results the bacteriologist should allocate the^ 
water to a particular class, which will leave no doubt m the mind of 
^ler engineers, sanitary inspectors and similar persons of the general 
bactcnological standard of the water 

’I'' ’’'“If dependent so much on the particular 
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consumer. Organic matter may be sucked in to a variable extent 
through defective water mains, and further contamination may occur 
in service reservoirs and cisterns or from washers on, the service taps. 
It is difficult to lay down standards for water of this type, but if 
careful comparison between the water before and after distribution 
shows that any considerable deterioration has occurred, particularly in 
relation to Bact. coli I, then measures should be taken to ascertain the 
source of the pollution. 

“Small Rural Supplies 

“In rural districts where reliance has to be placed largely on private 
supplies, it may be difficult to reach the standard of Class 3. By 
relatively simple measures, such as the removal of obvious sources of 
contamination from the catchment area, and by attention to the coping, 
brick lining, and covering of the well, it should usually be possible to 
reduce the coliform count for a shallow well water to a level between 
10 and 25 per 100 ml. Persistent failure to do this, especially if the 
water frequently gives a presumptive coliform count of 50 or over 
per 100 ml., should lead as a rule to condemnation of the supply, 
though there are circumstances, such as where the pollution appears 
to be mainly of non-human origin, when an exception may be made 
to this rule.” 


CHEMICAL EXAMINATION OF WATER SAMPLES 
The complete chemical examination of water in respect of its 
suitability or otherwise for drinking and for ordinary domestic uses 
normally includes determination of tot al solids. pH. hardnes s, free 
a nd albuminoid ammonia, nitrate, nitrite, chlorides, and antinn on 

c^nstituents-such-as-4ead, z inc, arsenic, copper, iron, aluminium , 
fluorides and cyanides, whos e presence may be suspecte d 
ffij ^nTcnnsidcration of the source of supply or from a history of tox ic 
in man nr a nimals drinking the w.iter . Whilst the 
chemicalexamination and the interpretation of the results falls strictly 
within the province of the experienced aniilyst, some k nowle dge of 
the procedures involved will greatly aid the veterinary surgeon in 
appreciating the significance of the analytical findings. 


Total Solids. The method of determination employed is briefly as 
fhitawTT^ The residue left after evapo ralitULILm ensured volum e of 
wrfrhed and the resu itxaicidaleddQ-parts p er lOQ.OOO .qfdvaler. 

nsiiallv carrie a..outpn filtered wate r if appreciable 
quantities of suspended solids are present, so that suspended solids are 
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reported separately from dissolved solids The residue consists of all 
the non-volatile substances •fthich were present m solution jn the 
onginal vater The organic content of the residue can be asscised 
from the appearance of the residue after gentle ignition, considerable 
charring indicating a high content of organic matter 

Satisfactory waters rarely contain more th an 80 narts ner tm nnn 
of dissolved s_jihds, and for most purposes should contain much less ; 
they rarely contain more than a mere trace of organic matter 
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wells may contain sufficient to impart a bra ckish tast e. The presence of 
cUoride considered alone is therefore of little significance as regards 
hygi enic qual ity, but as sewage contains appreciable quantities of it, 
if the chloride is present together with free ammonia, nitrite or 
appreciable quantities of nitrate, this finding may support an indication 
of sewage pollution. Uncontaminated surface waters (except near the 
sea) rarely conlain more than 2 parts of chloride per 100,000 ; well 
waters _may contain considerably greater quantities. 

During World War I., it was found in Palestine that most troop 
'horses would drink water with a saline content of 8 00 parts f as NaCl) 
per IflOdlQO, but few would drink it with 900 and none with 1,000 pa rts 
-per 100,000. Horses suffered more than m ules and camels when t he 
•only wate r supply was brackish .* 

T/ie Nitroirenous Const!taen ts. Unconlaminated water supplies are 
• rarely completely free from nitrogenous constituents, and in such 
waters nitrogen may be present in the form of humic acids or nitrates. 
'Waters contaminated with sewage or other decaying organic matter 
may contain, in addition to these, ammonium salts or easily dc- 
■composable amides, and nitrites. As ammonium salts and nitrites are 
quickly oxidised in natural waters to nitrate, their presence is taken as 
.a strong indication of recent contamination with sewage. 

Quantitatively the ammonium salts and easily decomposable amides 
arc estimated by distilling a sample of the water made alkaline with 
sodium carbonate ; the amount of ammonia distiffing off fs estimated, 
calculated to part per 100,000 and reported as “Free Ammonia.” 
Humic acids and the more complex nitrogenous compounds such as 
protein do not liberate ammonia on boiling with sodium carbonate, but 
do so when distilled with an alkaline solution of potassium per- 
manganate. This ammonia is estimated, calculated to parts per iOQ,000 
and reported as “Albuminoid Ammonia.” 

Satisfactory waters rarely contain any free ammonia at all, and the 
presence of more than .0.005 parts pe r lOO.OOQ must be regarded as 
significant ofjJcdhition. If the amount of free ammonia present is 
greater than the amount of albuminoid ammonia, then sewage con- 
tamination is certain. Many satisfactory waters, c.g. peaty waters, 
contain appreciable quantities of albuminoid ammonia, but such unters 
yield their albuminoid ammonia slowly, and they contain only traces of 
free ammonia. In waters other titan moorland waters, the albuminoid 
Jimmonia may be sipnificam of sewage pollution if it is present in 
concentrations pre.itcr than 0.01 parts per 100,000. 

The presence of nitrate is of no significtinee in the absence of other 
• Off. Hiit. •• VelfrimiiV Senlctt. 1925. p IJ9. 
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nitrogenous constituents If, on the other hand, free nmmonn ic- 
present then the presence of nitrate is an added indication ofpollulion- 

Reduemg Pom or “Oijgen Absorbed.'' The pollution of natural 
iratcrs IS invariably accompanied by an increase in the amount of 
organic matter present in solution This dissolscd organic nuittcr is 
easily oxidised and the amount of asnilable ossgen absorbed by the 
water from an oxidising solution goes a measure of it Tlic ability of 
water to reduce a dilute solution of acid potassium permanganate is 
referred to as the Reducing Power or Oxygen Absorbed figure, and is 
r^orted as parts of asailable oxygen absorbed per 100000 parts of 
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Few waters which can be considered satisfactory contain appreci- 
able quantities of suspended organic matter. Its presence in any 
quantity encourages the growth of micro-organisms, renders the water 
difficult to filter, and frequently makes sterilization difficult. Suspended 
mineral matter, on the other hand, is less objectionable. Its presence 
tends to be seasonal, occurring usually after periods of heavy rain, 
although when in the form of hydrated oxide of iron it appears as a 
permanent turbidity in ferruginous waters. 

Odour and Taste. Odour and taste can only give an indication of 
sewage contamination if it is excessive, but they are useful in detecting 
other unusual types of contamination which are difficult to detect 
chemically. For example, the accidental contamination with small 
quantities of paraffin oil or similar substances sometimes occurs ; 
chemical methods may not be sufficiently sensitive to detect traces of 
these compounds, and in such cases taste and smell may be the only 
guides to the presence of these contaminants. 

Peaty water nearly always has a slight odour. Certain waters 
contain sulphuretted hydrogen. Decomposing aquatic fauna and flora 
in service mains are not infrequently the cause of “smelly” water. 

Rain water has a fiat insipid taste. Soft waters taste “soft.” 
Ferruginous waters taste of ink. Waters containing much sodium 
chloride have a brackish taste. The water from newly laid mains may 
have a tarry flavour. Water treated with bleaching powder tastes of 
chlorine if the available chlorine in the water exceeds tliree or four 
parts per million. Hard waters, and also those containing nitrates and 
carbonic acid, are more palatable than soft waters or those free from 
gas in solution. 

Electrical Conductivity. Chemically pure water is a non-conductor of 
electricity, but the solution in it of ionisable salts renders it conducting, 
the ease with which an electric current is transmitted being directly 
proportional to the concentration of ionisable salts in solution. This 
fact is made use of in the examination of natural waters, the electrical 
conductivity of the water being an indirect measure of the amount of 
dissolved substance present in it. It should be noted that, by itself, the 
electrical conductivity gives no indication of the nature of the sub- 
stances in solution. Values of electrical conductivity for natural waters 
vary from about 100 gemmhos for soft waters derived from the older 
ctvsiallinc rocks to about 2.000 gemmhos for very hard waters derived 
from the newer and softer rocks ; .sea water has a conductivity of about 

50,000 gemmhos. . , , • , , ■ 

In the absence of sodium salts, the electrical conductivity is pro- 
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portional to the hardness, one degree of h i a WsBCL 

conducuvitybyaboiit20umts Thussuch« 
of 500 units would possess a hardness of approximately 25° This 
relationship holds generally, but breaks dora when applied to the 
alkalme waters derived from the Lower Tertiary rocks of the London 

The determination of electrical conductivity finds its greatest use in 
indicating changes in the nmoim, of dissolved Ll.ds prLfnt n a w ater 

“i^tlT”"™ - >-"0"" and IS 
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^TED ANIMALS 


Hygienic Requirements. I^ would be altogether irnpraftt isaMs m a 
Simnlv used exclusively f or animals to insist on the same high 
fnr water intendediSL hi i mnn consumption ^jjU 

Safused for the cleansing of cowsheds and utensils are drawn from 
a common source, the water should fulfil aU the hygienic requirements 
demanded of a safe drinking water for man. Supplies to dairies and 
S"eds apart, it is, nevertheless, desirable to provide hyestocl^vith^ 
a ^inkinc water which is^jgfampossiblgJM^ s in chara ^ ^^ ^ 
'-ArTrlhrraSrwith human water lupplms, it is difficult to 
formulate uositive hygienic standards for animal supphes because of 
In mluv factors involved. It is, therefore, probably easier to state 
r^hjiLacter of the water should not be than to lay doNvn any 
what ‘‘^^hich it should conform. Some of the un- 

particular Stan illustrated by reference to the old-time farm 

—i- “"“S 

manv cases served also as a source of supply for the farm household 
md dSy These ponds are not infrequently situated close to the 
r ^ i .immvsandtothedungheap, and constitute a serious menace 
farm bni g wading into the ponds 

to the ^ freqLntly grossly contaminate the watef with faeces 

in order to drink freq y y ,yberculosis, Johne s 

and urine, creating a focus for 

disease, contagious a be. concerned in the spread of 

possible that *csc P „atcr roust be a grave source of 

mastitis ; it is certain splashed on the cows’ udders. It 

milk contamination f livestock will to a 

should be realised principal, and indeed often the 

great extent be '™sfod, so 1 8 gross pollution of the kind indicated 

only, water supply IS ^ 

above. If a ^agn of farm animals, it is essential for 

rcsource^be u^s^ for prevented from actually 

wading into /°"t„„i„ments in a drinking water for animals is 
One of the fust q ^ contamination by patlio- 

that at no time should the siwr ^5^^, p^asites. 

genic micro-organisms i„e,ai poisons such as lead or arsenic 

Secondly, the Pos^'^y o g^^jed against. In 

gaining access to the uat physical eharactcre of a 

addition to ‘h^^P^Sndications as to its suitability or otl.ema^sc 
water often P^''"’® S°“th^-atcr should be free from objectionable 
as a source of supply. 
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of experiments to test the viability of Johne bacilli outside the animal 
'body after exposure under natural conditions. These workers found 
-that cultures of Johne bacilli remained alive in sterilized water 
"kept in a cupboard in the laboratory for upwards' of nine months, and 
that intestinal scrapings from cases of Johne’s disease may contain 
-viable bacilli for upwards of 163 days after mixing with unsterilized 
liver water. It thus appears equally likely that the Johne bacillus 
-possesses considerable capacity for survival when voided in infected 
‘faeces into water, and that, therefore, cattle should be prevented from 
-entering and polluting ponds and other sources of water supply. The 
draining or fencing of farm ponds subject to contamination, and from 
which cattle may drink, is therefore sound policy. 

Other common infections of livestock which may occasionally be 
-water-borne include tuberculosis, bovine contagious abortion, anthrax, 
blackquarter, swine erysipelas, and parasitic infestations such as 
‘fascioliasis, parasitic bronchitis and parasitic gastro-enteritis. One is 
jeminded that in times past the public watering-trough in towns and 
cities was a frequent means by whieh glanders and strangles were 
-spread among the horse population. It is no less certain to-day that the 
-common watering-place, wherever it may be, and whatever form it 
may take (pond, stream, trough, bowls or other utensils), is an impor- 
•tant factor in the spread of disease among farm livestock, dogs and 
-poultry. 

In the fields, animals are often dependent on a stream for their 
water supply. If, as is all too commonly the case, this stream receives 
-tlie cowshed and other manurial effluents from several farms along its 
-course, then such a water source must be regarded as a grave potential 
danger by whieh disease is spread from farm to farm. It is a familiar 
country sight to see cattle wading knee-deep in streams and ponds, 
and sometimes defaecating into the water from which they take their 
drink. However picturesque this scene may appear, it is, from the 
health point of view, highly objectionable in that it affords a ready 
means for the dissemination of many of the common bacterial and 
parasitic infestations of animals that gain entrance to the body via the 
alimentary canal. Disease may thus be spread not only within the 
■'herd but also to other herds drinking the polluted water downstream. 
An effort may be made to eliminate gross pollution of this kind by 
fencing the drinking places so that animals are prevented from wading 
into the stream. A concrete trough may also be placed at the edge of 
the stream (sec Fig. 3), which to some extent will help to prevent the 
drainage from the approach to tlic drinking-pl.icc gaining access to 
the stream at the point where the .animals drink. A similar method 
mas- be adopted for preventing the direct faecal pollution of ponds 
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from vrhich ammals perforce have to dnnk m the absence of a more- 
satisfactory form of supph A method of protecting a field-trough 
agairst such pollution is shown m Fig 4 

Pigs and poultry v\iU contaminate the water placed in dnnkmg 
utensils unless presented by some means from doing so There are 
vnnous dnnkmg appliances available vshich effectively prevent the 
fouling of ss-atcr 

Scmge-pollaled Wafer. It has been affirmed that cattle mav bff 
rendered ill by dnnkmg v, atcr contaimng “sen age ” In this connection 
It IS important to make it clear that there are tno kinds of sen age. 
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It is especially in connection with the effluent from works engaged 
in the disposal of domestic sewage that so-called “sewage-poisoning” 
of animals, and particularly cattle, has been alleged. On a number of 
occasions complaints on this score from farmers have been pressed 
with success in the Courts, the basis of the claims being that the cattle 
showed “illness” when allowed to drink from the sewage-contaminated 
stream, and that they recovered when prevented from doing so. Such 
evidence, however, is not scientifically sound, because it does not 
exclude the possibility that the illness may have been caused by patho- 
genic bacteria in the stream which were derived from the intestines of 
the animals themselves. It has been stated that the symptoms of so- 
called sewage-pollution in cattle resemble in some respects those of 
Johne’s disease, and there can be no doubt that streams contaminated 
with faeces from cattle with Johne’s disease play a large part in the 
spread of this infection. Intestinal parasites such as nematodes are 
also quite commonly transmitted in a similar manner, and in countries 
where the human population carries the cestode T. saginata, cattle 
grazed on the sewage farms become invariably infested with Cysticercm 
bovis from the eggs which have been passed in the human faeces.* 
The possibility is not disputed that bacteria pathogenic for cattle may 
be conveyed by water just as human typhoid is so transmitted, but 
those who believe in sewage-poisonmg allege that there is some agent 
proper to human sewage which is poisonous to cattle. Here again 
there is no scientific evidence that any such agent exists, and, indeed, 
there is evidence that human sewage does not injure cattle. Thus, in 
an experiment ^ carried out at the Royal Veterinary College, London, 
by Minett, Wooldridge and Sheather, sewage effluent from a modern 
sewage disposal plant, as well as diluted crude sewage, svas consumed 
in very large quantities by three cattle for 21 months, and the animals 
remained in thriving condition. There is in addition a large volume 
of evidence that cattle and other stock are commonly kept on sewage 
farms where they eat grass wet with sewage and even drink sewage 
with no apparent harm. These facts do not imply that an impure 
water supply would be recommended for cattle, but they do show that 
cattle can drink with impunity water which is highly impure by chemical 

and bacteriological standards. , , . , 

On the other hand, there is plenty of evidence tliat some industrial 
effluents are definitely poisonous for animals. Tims cyam'dcs in toxic 
amounts liave been found in the drinking water of animals on several 
occasions by Clouglgt the cyanides being discharged into drinking 

• Pcnfold. W. T., anti Pcnfoltl, IL B., 1937, T. ITtJmtntht 15, 37. 
t Minnctt « o7. (1937). Vtt. Kec. XIV.. 147. 

: aooj* (1933). Vet. Jtee. XU., 538. 
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water m the effluent from factones He records the death of two 
cows from dnnkmg water, two samples of which yielded 1 gram and 
grams of cyanide (calculated as HCN) per gallon , traces of copper 
and cadmium were also found , the effluent m this case was discharged 
into the dnnkmg water from electncal works In another case two 
cows were found dead by a stream, the water of which was found to 
contain 025 of a gram, 0 20 and 002 of a gram of cyanide (calculated 
as HCN) per gallon , the effluent was from a factory manufacturing 
photographic materials In a third case two cows were found dead 
byastream, thewater of which contamed2grains of HCN per gallon ; 
the effluent -ms discharged into the stream from an aeroplane factory 
aough also records the death of a number of ducks The stream to 
which they had access was found to contam 6 grams of cyanide 
(calculated as HCN) per gallon The sample of water yielding this 
quantity of cyanide was taken soon after the ducks were found 

twenty-four 

ram o?MN r«r! r ^ > Smin and 0 3 of a 
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A)n surface wafers as the means of supply. Here the examination calls 
'for a search for possible sources of pollution, amongst which may be 
mentioned the proximity of animal excreta, stable wastes, and carcases 
to the sites at which the water is drawn. Contamination of the gather- 
ing grounds and drainage areas for streams and ponds must likewise 
not be overlooked. With springs and wells situated in limestone 
formations, the existence of cracks and fissures in the strata may be 
of significance as these furnish an avenue for the access of polluted 
surface waters and the drainage from stables, cowsheds, cesspools and 
the like. Attention must be given to the construction of wells, 
particularly as to the means adopted for the exclusion of surface and 
drainage water. 

Although the topographical survey, when carefully carried out, will 
usually provide the necessary information regarding a water supply 
for animals, occasions will arise when bacteriological and chemical 
examinations are necessary, as for example when the presence of toxic 
impurities is suspected, or when the supply is also to be used for dairy 
purposes. In such circumstances the examinations must be carried out 
in specialist laboratories, and the veterinary surgeon in the field must, 
therefore, be aware of the procedure and method of taking water 
samples, and must be able to furnish all the local details which may be 
•of help to the laboratory workers in assessing the results of their 
examination. 

The Amount of Wafer Required by Domestic Animals. The amount 
of wafer required daily by domestic animals depends upon their size 
and functional activity, the nature of their food, and the season. A 
horse under average stable-feeding conditions and doing moderately 
hard work will drink from 8 to 10 gallons during the day, but if fed 
chiefly on fresh green grass he will naturally drink less. Provision 
• should be made, for 8 gallons for drinking, while for general stable 
purposes an additional 6 or 8 gallons may be necessary. 

Dairy cows need 4 to 5 lb. of water for each 1 lb. of milk produced ; 
This quantity covers the requirements for both maintenance and pro- 
duction. For maintenance alone, under average conditions, 7 to 8 
gallons will usually prove ample for a 1,000 lb. cow, while H gallons 
should be allowed for each gallon of milk produced. The importance 
of allowing milk cows free access to fresh water cannot be over-empha- 
sized, and if they are being stall-fed the provision of some form of 
axitomatic water-supply is almost essential. 

In addition to drinking water for daio' cattle, ample supplies must 
also be available for cooling and for cleansing purposes. Ellicient 
Pooling may take up to 5 or 6 gallons of water for c.ncli gallon of milk 
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produced if refrigerant cooling is not available, whilst cleansing will 
need some 10 gallons per cov.. It is estimated that, for all purposes, 
at least 25 to 30 gallons per cow per day is necessary, but where 
possible it may be desirable to budget for a daily supply of about 50 
gallons A considerable saving in the total water expended may be 
effected if water that has passed through the cooler is made available 
for further use, either for washing the cows and cowshed, or for water- 
ing the stock. 


The water requirements of fattening cattle are probably somewhat 
greater than those of dry cows because of the extra demands for both 
growth and fattenmg. The quantity actually drunk will \ ary according 
to the extent to which succulent foodstuffs form part of the diet 

The gen^lly accepted ruling as regards the supply for pigs is- 
f for each 1 lb of meal up to 

TO lb body v,eigbt,.aiid thereafter the demand will gradually fall to 
J The 3 to 1 proportion also 

.a fuU lay a hen w,ll drmk up to sfof nt 1 
of naler should suffice for 18 to 20 hL ^ 



SECTION n 
SANITATION 
THE DRAINAGE OF BUILDINGS 


A COMPLETE drainage system may conveniently be divided, for descrip- 
tive purposes, into three sections, which are all inter-cormeoted : — 
(a) that pa rt inside and outside th e building, situated above aroun d 
l evel and leading t o (b) the iindergroimd drain-pipes and fitt ings 
which, in turn, are connected to (c) t he niihlic sewer , c essnonl. se ntic 
tank or other means of disposaL In animal buildings of modem 
design, the liquid and semi-liquid excreta are conveyed to the outside 
drains by open surface channels. 


The ^ener.-il principles governing the design of any drainage system . 
w hether for human or animal habitations, may be enumera ted as 
follows ; — 


\A. 
^ 9 . 
v«o- 


The pipes should be made of non-absorbent material, and be 
laid with air- and water-tight joints. 

The diameters of the pipes should be proportionate to the work 
they are called upon to do. 

The drains should be laid in straight lines between points of 
access, all changes of direction or gradient being open to 
inspection. 

There should be no right-angled junctions, all connections being 
so made that the incoming drain points in the direction of the 
flow of sewage. 

The drains should be laid to gradients which will ensure their 
being self-cleansing or, if this is impossible owing to the nature 
of the levels, automatic means of flushing should be provided. 
All inlets to foul drains should be trapped, excepting vertical 
soil pipes from human dwellings, at the feet of which no traps 
should be used. 

No drains should pass under buildings if it is possible to arrange 
them othenvise. 

All entrances to drains should be outside the building. 

There should be ample means of access for inspection. 

The drainage should be disconnected from the sewer or other 
outfall by means of a proper intercepting trap. 

The drainage system should be properly ventilated. 
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ikikitpn Ernes. In connection ivith the drainage of buildings IhtEe 
classes of cast-iron pipes are commonly u sed. Jj ain water pin es are 
intended only for conducting the discharge fro m roof gutters to th e 
ground level . They are of comparatively light meta l, and the fauce ts 
are not suit able for lead caiiHan a. These pipes should never be used 
. for soil or waste pipe s fS? Waste and soil pipes of °/, n inch an d 4 inch 
. thickness respectively ar e cast w ith care to ensure a smooth intern al 
stirface. The socket s are of sufficient width and str ength to perm it 
tlie joint being properly caulk ed. The pipes are made in 6 fee t 
over all length s. Cast-iron drai n pipes are made of specially heavy 
design wth extra strong sockets. The joint is made with rope yarn 
and molten lead properly c aulked int o the a nnular stavi ng space. This 
joint is air-tight, and there is little possibility of tlie leakage of sewer 
gas. The strength of cast-iron drain pipes, combined with the e lasticity 
of caulked lead joints, enables the pipes and joints to sustain without 



Fio. 6 . — Soil nnd Waste Pipe. 
Stared Joist. 



7,-- Heavy Dram Pipe 
Staved Joiot 


damage subsidence of ground and other accidents which would fracture 
fireclay or stoneware pipes. Iron drain pipes are made in cfrecli ve 
lengths (i.e., exclusive of the depth of socket) of from .1 to 9 feet, t he 
6 feet iRnrtb b eing the most commonly used. As a pjsycnlatuic against 
corrosion, castuxsm-pipes are usually coated inside and out with a 
bituminous solution. 


'' rnmnnrhon bcUtccn Stoneware or Fireclay and Iron Pines . The 
use of cast-iron for drain pipes and fittings possesses sonic advantages 
over glazed stoneware or fireclay. Many of the faults found in the 
latter tv-ncs are due to bad material an d bad wo rkmanshin . TIic 
laving of stnnciv.-ire or fireclay' pines undoub tedly calls fo r more car e 
fer I'rmi pip es' ifthe pjpes are g ood, fre e fremiocks and faults. 
t he joints proncrlv filled, eeri the pipes laid in cement con crete "her e 
the ground is soft, the result wtl be satisfaciq ty^SloneAvarc or 
firccl-tv nm^TiTiicn well laid are alwa.vs clcanerthan iron drains and 
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Will m ordinary circumstances remain practically ticht for lone 
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•pipe, and the general ! 

-the swirling action wi th reniiitn-nt / 

Where there are several subsidiary pipes in a system it is advisable 
"that these be laid to converge at a common point so that there may 
•be convenient access to a number of junctions 'at one inspection 




■chamber. With modem cast-iron fittings special inspection chambers 
are made with a variety of junction pipes. Access is accomplished by 
removing the lid, which is securely bolted down with gunmeta l bolts 
or by means of a,hddle. A layer of prepared felt is interposed between 
the cover and the rim of the chamber, so that the latter is rendered 
botli gas and water proof. If necessary, tributary pipes can be dis- 
connected from the distal drain or sewer at the point of convergence 



•by joining the chamber to an intercepting syphon trap, and for 
convenience in clearing away any obstruction (his may be prorided 
-with a raking arm as shown in Fig. 13. Access cosers for fireclay 
fittings are bedded down in clay or similar material for easy rcmoral. 
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The Size of Pipes The (mtcrml diameter) <t f dram rmes sh ould 
be as smal l as possib le coasistcnt with allowance being made for the 
estimated amount of “drainage to be carried and for posjiblc flooding 
during Jteamtram storms It is sen seldom that drain pipes run full 
bore-probably only in some street drams and then only in exceptional 
circumstances The more nearly full dram pipes are bept running 
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a body of water in the drain between the sewer and the house or other- 
building. The details of the construction of traps have, bowever,. 
undergone great modification and improvement and in place of the- 
very insanitary fittings of former days, there are in use to-day traps 
of simple design which do their work efficiently with the minimum 
of defects. 


The reliability of a trap depends primarily upon the depth to which 
the in-bent portion of the piping, or lip, dips into the water (see 
Fig. 14). This dipping-in of the lip constitutes the seal, and the depth 
of the seal is measured by the distance to wliich the lip dips into the 
water. If the pipe is not sufficiently bent, or in other words if the 
lip does not dip sufficiently into the water, a seat too shallow for 
safety is formed as it may be broken with very little reduction in the 
volume of water as is indicated in the figure. A satisfactory trap must 
effectively prevent sewer gases 
under ordinary circumstances 
from passing up the inlet 
pipes. It must be self, 
cleansing, so that a moderate 
influx of water should carry' 
all the trap wafer before it 
and leave no sediment behind. 

It must be of simple structure, 
have no movable parts and no 
sharp angles or comers. The 
internal diameter of a trap 
should be the same through- 
out, except in tire case of some 




special forms. It must have 
a square base so that it can be 
set firm in the ground without 
any risk of tilting, with con- 
sequent reduction in the depth 
of water in the seal. The 



inlets and outlets must be . . . 

, , . . . Vig. 14— -Three sections of Simple Svpbone 

capable of forming pcricct Traps. TTie top figure show's a sat.s- 

ioints An air inlet hole for factory sea! A-B. the next figure slion-s a 

JOIMS. An air inier noic ror n, ,oo statow. sad 

ventilation must be provided section a pipe ibat ts not sufficiently txint 

onthe proximal or house side, loTonnascal. 

and a hand hole on the distal side for the purpose of removing any 


possible chokage. 
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Traps should alvia>s be readily accessible. The depth ofseal should 
be such as to obviate any ordinary risk of reduction to danger point by 
evaporation or waving ; a suitable depth is from 2 to 3 inches. The 
trap should contain just sufficient water to guarantee a safe seal. Jf 
the depth of seal is too great, or too much « atcr is retained in the body 
of the trap, there is a probability that it will not be completely removed 
with a moderate flushing. It is advisable for the inlet to provide a 

Se oull f r m ““'SO of sL^r bu” 

of sXds “V the discharge 

Jlf °o"Vorti,nmf !r- trap .he „„ 

.nason"4re-irow]^hdipr:sL’’:'h 
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The orinciples of a modem efficient intercepting are- 

\i chan’s Intercepting J yEUonJrsB. 

^^ITm^ded' with an abrupt 7nlet and a gradual outlet. ‘ 

r.s. .M. sisrrr'r.s; 
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c utting off the je;^ jT^ii^ided witiTan opening to allow of the 

co-SiiaSriypE^^^ ^ ^ .nd om ing. and thus keep the air 
free passage of air into^QU^^^^^g_ com- 

.. o. 

ftf <initablepip®* Attlieout- IHLJR ron 

01 suiw-'i’*' F r .^ Wr c«vfNT«.*tw4 

■ let end of the trap there \W 

should beahand-hole fitted | 

with a lid well luted dow 

rvith clay or cement m the 

case of fiteclay 

luted witli felt and bolted 

dotvnforironfittmgs-Ths , 

SlSe'^a^Ssh U FlC. IO.-I.echM.__I...ercep.^^ 

clearing rods can be passed No,__^ iSflowiDg Umd. 

tomoveontheobstruaion.^ Perm a rating or 

With some traps the accessible ; this is shoun m Fig. 17. 

clearing arm which makes i p,c ^sed as an outlet for sewer 

The hand-hole f ^ected vitli it is carried above the lc«l 

of the caves and wen 

.„jmcc sy.stem the cscrcla. together 

r„lh Traps. With a house array as espeditiously a^ 

. as cconoinicaU> os i 



78 


\ CTERINARV II 'i GIENF 


the health of the populace. With anintals, on the other hand both 
liquid and solid excreta arc valuable assets to the farmer, and accordinc 
to the use made of them the success of the farming may to a larA 
extent depend / * “ *‘**fc‘' 

= a™"™’ “oeta from animal habitations 

IS effected siparatcly, the liquid portion by means of a drainage svstem • 
because of its nature, and its admiiturc patll straw or other h -,1 1 ne 

"I^^S , fh;t !S,y& “ “ 

sohd matter that may be mshed into Sem"’ 
presence, vould be earned into the dram 
of a somenhat deep rcctangularliax «. it, 

-Ih a grating tvh" h ?s pS^,“:“^ top pro^ 

the outlet is usually about two-thirds ibe "“'t of 

of the trap, and the seal is formed by a Im 
inches or so into the water below the outlet 
^ so placed as to offer no obstractnin io is ''' ''P t''0“'‘> 

ti,^"''i^"'** provided with a buchet to ''"’“'f' °f sediment 

an an "*'! "“ft “t' P's«d wh"cv«?i" n"'" '""oml of 

an animal house enters a common drains "“ft drainage from 
P^sc« Where there is a hlceliho<S^„tm"ucr ' H ■" “that 

^r^ar ■ -tf-'"cSi::;f -led »>■ 

Pi8ore2.showsatypeofg„„y.„„ ■<« of streets 

P“ny trap m common use u ,s fitted 

"ith a deep bucket, 
''hichisperforated at 
tna top for an jner- 
into the trap 

proper and which has 

f rnlet fitted with a 
, fP ''P so construc- 
t'd as to guide solids 
into the bucket and 
^ I'h, at the same 
time, acts as a seal of 

sort by dipping into 

®\'-qu.d ,n the 
This parti- 
d"''' type of gully 
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possesses no teal advantage over the more 
-■simple types shown in Figures 18 and 19, 

-■and it is certainly more difficult to clean. 

Since the object of any system of 
•drainage is to remove as speedily as 
■possible all decaying organic matter, it 
■will -be obvious that any gully trap that 
is not self-cleansing, and this none of 
them are, can hardly be regarded as a 
^‘sanitary” fitting. The collection of 
-decaying organic matter gradually decom- 
poses, giving off in the process gases 
■which pass freely into the air. For this 
reason no gully trap should be permitted 
inside a building, and its location outside 
-should be away from the vicinity of 
idoors or air inlets to the ventilation fjo. is.— Dean’s Gully Trap with 
system bottom and sediment pan. 

As the purpose of a gully trap is merely to prevent much solid 
matter from entering the drain, all that is required for this purpose 
in stable yards and similar places is a suitable grating to an ordinary 
■self-cleansing syphon trap. With this idea in ■view the author has 
-co-operated in designing the trap shown in Figure 22. 

A form of trap which may be found in old drainage systems for 
the purpose of trapping surface water or slop waste is the bell trap 
■shown in Figure 23. It is made in two pieces, a lower part which is 
the water container, and an upper part which is the inlet grating to 
which is attached a lip in the form of a bell or inverted cup which dips 
(into the water contained in the lower part and so forms a seal. It is 
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an mefiicient and consequently insanitaiy form of trap and should 
jie\er be used Its most obvious disadvantages arc the seal is too- 
shallow ; the hp being attached to the grating, the seal is broken each 
time the grating is removed for the purpose of cleaning the trap and 
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and of fluids and gases from within. To make a perfect joint, con- 
tiguous pipes must be laid in true alignment and remain so when the 
jointing material has set. One part of Portland cement and one part 
of sand makes an excellent jointing material for stone-ware or fireclay 
nines The insertion of a rope gaskin prior to fiUing with cement is 
Lmetimes advocated ; sanitary engineers of experience, however do 
not recommend its use as it is apt to protrude into the lumen of the 
nine If the gaskin he of tarred rope it forms a permanent obstruction 
Bering every inducement for the lodgment of solids ; if of untarred 
rone it soon decays and the joint becomes faulty, sewage collects m 
the space left by the decayed filUng and undergoes decomposition with 
liberation of foul gases. For iron drainpipes and fittings, molten lead 
is used as a filling, the spigot of the pipes having cast on it a slight 
ridge which prevents the gaskin from entering the pipe. 

Defects. Defects in drains may be due to several causes 

Ax. • oicrtT-fittinffs through the entrance of solid objects, insum 

of the pipes or ® ^ a gradient; (c) want of ventila- 

usually set ’ , drains resulting in reduction of the seal 

(e) infrequent flushing of th ,, that these 

in traps by educing the depth of the seal; (s) bad 

become tilted out of Im , imperfect alignment and the 

workmanship m laying ’t the faucet during the joint making: 

access of cement into P-Pes at he foucet uu g^ 

too large or too ^^^es^under pressure and forces the water 

so that sewer gas the system with the result 

seal of a trap; (k) ®Pf “Lm >') Lbsidence of the soil 
that solids accumulate their joints; (m) use 

■with consequent sagging -lay for jointing material; (n) too 

effected at a suitable angle. 

™,ist be tested after laying to ensure 
The Testing of Drains. . gj,d that the ivatcr seals of the 

that they are gas and wMcr ug ^ s^.ons 

traps arc satisfactory, .“"®, ruction, and a final test on the 

of a drainage system Tbcieafler. periodical tests should be 

whole sy^m when completcd-^^^.^^ „maiiis satis- 

— V.H. 7 
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factory, as defects may dc\clop from various causes which, if not 
rectified, may cause serious pollution 

The methods of testing drams arc described below • 


The Air and Smoke Tests. The air test consists m plugging the 
open ends of the drams and ventilating pipes and then pumping m air 
under a pressure sufficient to be indicated on a pressure gauge If the 
^uge does not show that n fixed pressure is being miintaincd, this 
denotes a leak or leakages These can generally be located by filling 
the pipes with dense white smoke, afterwards plugging the piL and 
applying the same pressure as before This w ill force the smoke out 
at the defective parts and enable them to be located nnH m i a 

that will give about 1 02 pressure „„ apparatus 

sufficient test both to the drains and to the uan s'e"f '"s' “ 

head of water represents 0 577 02 per souvre ^ I * / 
for small traps is usually 11 to 13 “ibl the seal 

a test of i 02 pressur? The blL a™, able to stand 

smoke tests is a combined a.r and smJkc 

be used for either or both tests as outlined Ibov/ "hich can 


ne HidrauUc Test. In the hydraulic test . 1 ,. . 

a sect, on of n, ,s plugged with an expanding '’1'? 

patent stopper, and the section to be teLd^lhL']^^^^ “"'cr 

pressure equivalent to a head of from 6 to n? ” »“ “ 

m for two or three hours, and if a tek eL I , " lalt 

cated by a fall in the head of water at the po m r’’ v " ill be indt- 

vvim 01 observation 
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as expert witnesses in such cases, an outline is given below of the 
methods of sewage treatment and disposal. 

The methods of sewage disposal may be divided broadly into the 
■Conservancy and the Water Carriage systems. 

•Conservancy Method. In this method, sewage is dealt with inter- 
mitte ntlv after storage for some peri od. I t is now practically confin ed 
t o rural areas where the water supply is inadequate for the installati on 
o f a water carriage system . The simplest method of disposing of 
hu man excreta, and, w itli the exception of chem ical trea tment, th e only 
m ethod where the r e is not an adgqu ate water supply for wat er carria ge, 
is burial in the soil . To the veterinary hygienist particularly concerned 
-with milk production the prope r disposal of such m ater ial is of some 
i mportance, owi n g to the risk of flie s carrying pa thogenic bacteria , 
such as typhoid bacil li, fro m infected excreta to the milk . I f voided 
i nto a pail, the e xcremen t should be covered by dry soil (which is the 
"best material), ashes or s aw dust, and there after be properly buried.* 
not deposited on a manure heap as is sometimes done. Disinfectant 
should not be added to the pail contents, unless the object is complete 
"liquefaction of the faeces by chemicals, because in most cases disin- 
-fectants and antiseptics merely retard putrefaction ; once buried in 
shallow trenches and covered with topsoil without chemicals, the faeces 
soon decompose without causing any harm. The place chosen for the 
ultimate deposition should be distant from the house and not near a 
well. Where human excreta is disposed of by the dry method there 
-still remain to be dealt with the waste waters from washing and other 
- domestic operations. These may be disposed on garden ground, either 
directly or in a soak-away pit. 

Water Carriage System. In this system the private drains from 
diifi-mng-hnitsps and other build ings- empt y into public sewers, which 
con vey the sewage to ajan-ifi cation w orks .where it is treated s o as to 
re nder the resulting efflue nt suitgbtefor ul timate dispo s al int o t]ie_ sea, 
or i nto rivers and strea ms. 

The history of sewage disposal shows that originally the method adopted 
was discharge of the untreated sewage into the nearest stream or into the sea. 
'Where populations were large nnd the streams available small, intolerable 
nuisance arose, and Royal Commissions swrc set up to consider the subject of 
sewage disposal and rivers pollution prevention. Following on the report of 
the Rivers Pollution Commission of 1868, the Rivers Pollution Prevention Act 
of 1876 svas passed in order to put a check on unrestricted pollution of rivers. 
Although amendments of this Act have been proposed from time to time, it is still 
JO opcralion. 

Tlie Salmon and Freshwater Fisheries Act, 1923, also places resinetjons on 
the discharge of sewage into tidal w-alcrs or into streams. 
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Composition and Strength of Sewage. In the fifth report of the 
Royal Commission, sewage is defined generally as “a mixture of salin e 
m atter in solution and nitrog enous and carbonaceous organic matter 
i n solution an d su spension t ogether with a cert ain amount 'tir grit 
a nd min eral matter The strength of an ordinary domestic sewage 
depends on the amount of water used per head of population If 
there are industrial wastes the strength will usually be increased. 
There are, of course, great vanations- daijy. seas onal and those due 
to storm water Industrial wastes, such as those from breweries gas 
works and dairies, etc , introduce additional complications 

Clwmica! analyses of sewage usually indicated m parts per 100 000 r 
^ ^ ‘^^SJSM^suspension and m solution, (21 orcamc nitronen— 

amm o n uial and albuminoi d, (3) chlorides: and (4) q~i Suitv o ~kfvnen 

mended for Sewage Work Effluents havl adoptedX'srf d ' 

I^ion and the dissolved oxygen absorber.n five days 
IS sometimes referred to, particularly m Amts ^ latter 

Biochemical Oxygen Demand (BOD) ‘"’“'=5. “s the 

The total solids m suspension me 9 «iri»/i a 
where the dry weather flow is ab^30 v.ll^^ ™ 
taken as one part in 2500 by weight that 
of an ounce per gallon The setitm,’ one-fifteenth 

of the total Ahfu, 

be organic The non settling solids are .n » ! would 

or m colloid form The total susnendpH division 

small, hut when considered as state in T”" '» te very 

reqnir« to be abstracted from the slice a “s'*'"™ 

more formidable, and will be eonside^Staer" 

It seems safe to assume that if 

^tcr IS not polluted to a greater extraf th™’^'^ 't^P™ 

^imiss'oners’ suggested standards thluhe ^” 

AtfS™ M'-tions with trade, fact^ '’<= hannless 

deleterious elfMs'^f a‘" ™ “Pnwin rerard" 

j 'wisnowntobetTiP/y.,.- 


page 65 ) 


case (See 
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f3eferious effects of the sewage on boating and bathi ng ; the pollution of the 
beach by th e deposit of solid s ; the p^stble to fishing , and the po^ ible 
•infectio n of shell-fish by sewage contaminated with p athogenic organisms- ^uch 
■as typhoid-bacilli. 

The sewage is either discharged in its crude state into the sea, or after it has 
been screened and treated in a settling tank, but unless the position of the 
•outlet and (he tidal flow are particularly favourable, further preliminary 
treatment is usually carried out. In some cases tanks are used to store the 
•sewage during the rising tide and to enable discharge to take place during the ebb 
tide only. As a method of purifying sewage, screening is not very effective, par- 
ticularly if the sewage has travelled through several miles of pipes, because by the 
time that it has arrived at the screen it is already in a state of emulsion, the solids 
having become disintegrated, but not reduced, while passing through the pipes. 

Discharge into Rivers. Where the stream is large enough to give a 
dilution of over 500 volumes, the crude sewage may be discharged into the 
stream “subject to such conditions as to the provision of screens or detritus tanks 
as might appear necessary to the Central Authority.” For example, pre-treatment 
-of the kind specified may be required for the sake of amenity or to prevent the for- 
mation of sludge beds. 


PuRiRCATioN Treatment of Water-Carried Sewage 

The objects of a sewage purification works are : — 

(a) To separate the solids and suspended matter, which are for the most 
part putrifiable, from the fluid portion j 
Xb) To purify the fluid portion, so that it can be ultimately discharged into 
a river or stream with safety and without causing a nuisance ; 

and ^ To dispose of the more solid portion of the sewage which beebmes 
settled out to form “sludge.” 

Before any particular system of treatment is adopted, the local conditions 
must be thoroughly studied with Ttfercnce to the and tharactw of the sew- 

age. These will be found to vary considerably, depending on whether the 
town is a residential or an industrial one. Sewage' from a purely residential 
town with a good water supply is comparatively easy to treat ; that from a 
manufacturing town with a less generous water supply and with the inclusion 
of industrial wastes presents far more difficulty. 

The volume of sewage is usually stated in gallons per head of population 
per day; this may vary from about 10 gallons up to 100 gallons or even 
more, depending on the vs-alcr supply available and the habits of the community 
under consideration, A common figure for daily dry weather flow is 30 to 
•40 gallons per head. 

Sewerage systems of towns may be on either the separate or combined 
system. In the first mentioned, separate sewers arc provided for sewage and 
for rainwater from roofs, streets, etc. In the combined sj-stem, rainwater and 
sewage arc carried in the one sewer. The latter method is the more common, and 
where it is adopted the quantity of sewuge to be dealt with is, of course, 
cfcatly increased in wet weather. 

The processes to which walcr-carricd sewage is submitted at the a\*cnJEe puri- 
flcalion works may be classified under the following headings 
A. panJvns'ARY Treatment. 

1. Arrangements for dealing with Storm Water.. 

2. Screening. 

• J. Detritus Of Grit Tanks. 
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4 Sedunentation or Precipitation Tanks 

5 Disposal of Sludge 
Treatment of Tank Liquor 

Land Treatment, or 
Artifiaal Biological Treatment 

(o) Percolating or Tnckling Filters ' 


follos^ed by Humus Tanks- 


(6) Contact Beds j 

SMcId, Bury, BiramiEhani elc a 

nrcthod kuo™ as or ihe Aa„MdSU^s Sysum has bcra adoplld 

PmmtiVAly Treatoint 
1 Stor),( Water Since the comhmpH 
^ than ,h= separate system. provBioo has usttaTy toTe'mfd'eT 
lim. or settage dunng periods of ram The Se»a- r„ 

tars, Rhich am one-half to 2 made ofAertica! trot, 
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cent ot the total suspended matter in the "“S' “ much as 10 per 
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™,.,„.nm™,„no„iytreatmentmiisein NraYr,r‘"““""‘'>' butaioneli me 
factory and further tr«,tmenl by the ai^°*c “ >» 




P~ - m XhVH" 

by sedimentation ii,,. — !!l! *°*'‘*s in the ilpta-,,,. ®‘ld>t«on of chemical 


by sedimentation the •« the 'sro-a^ ®‘^<5'tion of chemical 

-p :r - ?:S 

!^™gIi;e'sWg™,i'''^J^J ta'XT "" “"""“CPS me^ 


-mimious flow tank, may’t^T separately"' “■“« other device, 

- ” vertical Bow 

r""~m .'rg-r'-'-p-reta "" " 

^«<Iatth=.,„Ogem!,° I'I’J- “”» “"e reuS shun "" 'be pro- 

■'■''^Pvau .be hot- 

‘^^ii^aaUiead^™Pflbchop^aiy 



SANITATION 


87 


Upward flow or Dortmund tanks are deep and have hopper bottoms. The 
sewage is made to enter at the centre and deflected in a downward dire ction b v 
tubes or boxes, the outlet for the clarified effluent bemg at the top edges 

The capacity of a sedimentation tank is usually fixed to give a period of de« 
tentjon of 6 to 8 hour s in the tank, based on do' weather flow, so that the settle sewage 
may be passed on in a comparatively fresh condition 

Chemical precipitation of the suspended matter is adopted where the sewage is 
very concentrated or where trade wastes have to be removed. Lime, or hme and 
ferrous sulphate, or sulphate of alumma are used as precipilants The amount of 
sludge produced by the aid of precipitanls is greater than with simple sedimentation 
5 D isposal of Sludge One of the most t roublesome parts of sew age 
trea tment is the disposal of sludge, including screenings and detrflus Although 
the toial amount oi solids measured dry are small, the sludge as drawn off 
from the various processes may contain anything from 90 to 98 per cent of 
water , it will thus be seen that the quantity to be handled is considerable 
On the basis of a 30 gallons per head sewage, the quantity of sludge contain- 
ing 95 per cent water might approximate to 2 lbs per head per day This 
gives about 9 tons per day for a population of 10,000 or 3000 tons per annum 
The quantity from septic tanks where some digestion takes place would be 
about half this amount. With quiescent chemical precipitation the quantity 
would be about 50 per cent, greater. On the other hand, surplus activated 
sludge, which may contaui as much as 9$ 5 per cent of water, would be about 
five times the amount 

Screenings and detritus are always very offensive, and are usually dealt with 
by shallow bunal In the case of large cities sometimes screenings are burnt The 
methods of disposal of sludge vary according to the situation and size of the town 
Several large cities, such as London, Glasgow, Manchester and others, discharge 
all surplus sludge into the open sea 

Where sei disposal is not possible, disposal on land is resorted to, cither 
direct Of after partial dehydration Where direct disposal is adopted the sludge 
is pumped on the land, and, after drying, is ploughed in 

Sludge has considerable manunal value, but before it can be handled the water 
content must be reduced This may be done on sludge filter beds, where the sludge 
is spread on comparatively thin layers of porous material, such as ashes well under- 
drained In some cities the sludge may be pressed into cake and afterwards conver- 
ted into manure 

Sludge may be digested in deep tanks, dunng which process a considerable 
amount of gas is given off, consisting chiefly of methane with a small pro- 
portion of carbon dioxide and liydrogcn In the most recent installations these gases 
arc collected and utilised for power purposes It is reckoned that with efficient 
digestion, suflicicnt gas may be obtained for the power requirements of the sewage 
•works Digested sludge contains, of course, considerably less organic material than 
the onginal and is non-putrcfactivc It may be used for raising the level of low 
lying areas of land without causing any offence In some cases the digested 
sludge IS used as a base in the manufacture of artificial manure 

Septic Tanks. In all fonns of tank treatment, m addition to the 
deposition of sludge, a large proportion of the organic matter is 
rendered soluble by putrefaction or “sepue” acuon which, for tlic 
most part, procccd’i nnacrobic.nlly . I f sewage were licld sufTicicn tly 
l ong in a tank,, t he grea ter proportion of the organic matter w ould 
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pass mto solution an d little o. 
lien b ecome a “Sentir Ta nV 


_Such a tank would 


The difference between this and a 

sedimentation tank is aery largely a di fference of size in relation to 
Yi ’j u'ne of the sewage and _a diffe rence in the wav ,n »l„.t. 

scam, and ^inotal of form^ion.oi a 

putrefaction will proceed more-TT;!! — Kquent lt.is evidcpt. that 
se dimentation ta ^s. and ,l,„ . 1 .-! ?"! '? -l. eptic tanks Jhaium 

pcr_cent_oLthe orga^lT^^^^rilffrr c . . froin 20 to 40 

thcLfotmaiianjrl^quamitrS ' -“EU.c tanks, wph 

"''thane Se-pbc 

or. for small communities. single houses 

carried m the sewap g * much inorganic solids 
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teria. Disposal in this way is sometimes known as the 
“Sewag e Farm” m ethod. 

<c) Land FiU ration. In this case the la nd should he fai rl y leve l . 
a nd we ll_undet:Ldrain ed. the soil being of a •very n orons 
c haract er. The s ewage is al lowed to flow o n to this to a 
de pth o f three to_six inches. It is oxidised in th e process 
of ^rafion_thrpugh_the soil. In some cases the land is 
cu ltiva ted in thejidge-and-furrow system, pl ants bei ng gro- 
wn_onJhe ridges and t^tank liquor disfributed.along the 
furrows. 

In all the land systems considerable periods of rest are ne- 
cessa ry. and therefore,the^ewage must be applied interm it- 
tently. Wells should jiot be situat ed near to l and used for 
the_purification of sewagejior should water for domest ic 
- or dairy purposes be taken from a stream in the neighbour- 
hood of the irrigation area. 

iikrtihcial Biological Treatment, 

Percolating or Trickling Filters are real ly aerating beds, n ot 
■filters ; they c onsist esse ntially of circular be ds of broken stone of va ri- 
•ou s sizes o nJiyhich,se wage is distributed. ( See Fig. 25.) Thejr roken 
stone beco mes coated after.a short period with a celatino us cov ering 
which, in the presence of oxygen, forms-a nidus for aerobic bacteria 
■which is then said to be “ripened” or “activitated.” Distribution of the 
tanlc_liguorjspbtained by. means of a revolving sprinkler driven_by a 
. rnnst .ant head of water, or by the intermi ttent discharge o f a siphon. • 

■ Contact Beds comprise tanks filled xvith clinke r or b roken sto ne, 
the object_b.eing.topermit digcstiQn,Qf_thc_organicjnatcrjal_hjLaetobic 
bacteria. The .tank js filled and the liquor all owed to remain in con - 
tact withJhejmaterjal Jn-tlic-bcd-for a sulficicnt period to allow pu ri- 
fication to tak^ place.; thereafter, thc_ tank js _emptied._and-in the 
procSTair is^drasvn into the interstices of the clinker.Jlius providing 
the oxygen necessary for the bactcri.a. The cycle of operation occupies 
eight to twelve hours, the resting period being about -half-this to Jcccp 
the beds in condition. Contact beds^are not now being installed,, as 
percolating filters arc regarded as being more efficient. 

llamas Tanks. Th e eflliicnt from percolating fillers .a nd co ntact 
beds often contain a good deal of fine organic matter t e rmed “humu s." 

It is necessary to allow thisToTcttIc 6eforc~3iscliarging th e fina l elTtent 
Into a stream. Tliisjnay be.done by.holding the fillet efilucn^ tanks 
Kif a capacity cquivaicnup about t«OLhour£dry w.ai«Jtetts 
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Fio. 26.— TVpical Plan showing the general arrangement of a complete Bio*aeraiion System. No indication 
is giwn as to tlio method of aeration, whether by compressed air or mechanical agitation, 
but the tailed arrows indicate the flow through the several tanks. 
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puddled day, having the bottom open so that the liquid percolates 
into the soil ; this type of cesspool is thus a soak-avvay pit, and it is ■ 
obvious that to be effective it must be situated in a sufficiently porous 
sub-soil. The construction is illustrated in Figure 27. The soil pipe 
before it reaches the cesspol discharges into a disconnecting syphon 
trap fitted with an air inlet on the proximal side ; the pipe discharging 
into the cesspool dips down into the sewage, and in the case of a 
pervious cesspool there should be a slab of slate, brick or concrete 
directly under the influent to prevent the incoming sewage from 
wearing away the groimd from the foimdations. The impervious 
cesspool differs from the foregoing in that the bottom, as welf as the 
sides, is made of imprevious material, through which nothing can 
percolate. 

Under powers given by the Pubfic Health Act, 1936, no Local' 
Authority will now permit the use of a pervious cesspool, other than 
as a soak-away for rain or surface water. 

In both types of cesspool, decomposition of the sewage, which is 
effected by bacteria, is incomplete, so that there is a continuous 
accumulation of partially decomposed, evil-smelUng material which 
has to be removed periodically. During the process of decomposition, 
objectionable gases, including large volumes of sulphuretted hydrogen,, 
are given off. In the pervious cesspool, comparatively h'ttle materiall 
accumulates ; with the impervious type, frequent emptying is necessary. 

In the case of single houses or farms it is a common practice to provide 
an overflow drain, the liquid being disposed of by irrigation over land 
or by sub-surface irrigation by connecting into an open-jointed 
agricultural drain. When no overflow is provided the whole of the 
liquid requires to be pumped out and disposed of as often as is neces- 
sary. Many Local Authorities in rural areas now undertake, the 
removal of cesspool sewage in specially equipped motor tankers. 

Provided a cesspool is properly constructed and looked after 
intelligently, and is drained away from dwelling-houses, from which it 
should be at least one hundred feet distant, and is not placed in 
proximity to a well or other water supply, there is no objection to 
its adoption in isolated situations where the volume of sewage to be 
disposed of is not likely to be great. Instances have occurred, how- 
ever, where the contents of tlie cesspools have saturated the surrounding 
soil, or where sewage in a fresh state has overflowed on the surface ; 
in such cases there is a considerable risk of the contamination of wells, 
or of flics spreading disease, especially typhoid. Gair,* in recording 
an outbreak of diphtheria transmitted by milk, suggested that the 


•Gair (1918), Yct.J^LXXlV., «7. 
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Bioaeration or Activated Sludge Process. In this method screened 
sewage, free from detritu s, is purifi ed in tanks largely hy aerobic 
bacterial-action. (See Fig. 26.) The^ba cteria a re attached to_the 
particles of ripened or "actiyated ” sludge w hich is mixed with the 
incoming sewage, and the mixed Jiquid i s kept in continu ous motion 
during jts passage through aeration tanks, in order firstly to prevent 
settlement of_the sludge, secondly to bring the org anic matter in 
contact with activated sludge, and tliirdly to supply thphacteria with 
oxygen. Skilled management is essential for the efficient operation of 
a bioaeration plant. It was at o ne time thought that the activa ted 
sludge process woul d sup ersede all other methods of sewage purifica- 
tion, hut ^perience has shown that the best and most economical 
system is to use the process in association with settlement tanks and 
filters. In Birmingltam, for instance, aerating tanks have been placed 
between the settlement tanks and the percolating filters, with the 
result that two or three times the amount of liquid can now be dealt 
with by the filters than was formerly the case. 

Chemical Sterilisation of Sewage Effluent. Pathogenic bacteria, e.g. 
typhoid and _paratypho id bacilli, have frequently been isolated fr om 
sevmgc, and_sewage effluents. With a view to r e ndering ta n k liqu ors 
inn ocuo us, particularly where the effluents are discharged into streams 
which laterjn their course are used as sources of water supply, 
experiments have been carried out to determine the dose of disin- 
fectants, such as pure chlorine, bleaching powder and “Chloros” 
(containing 10 per cent, available chlorine). In the ease of an ordinary 
sewage, it has been /ound. that these wouidjiavejq be added in the 
pr oportion of at least 10 to 15 pans of av ailable chl orine~per million 
parts of sewage to effect any marked reduction of the Bact coli present ; 
in addition, _a longperiodpf contact woul d have to be allowed. Such 
practicejvoidd add materially to the cost of sewage purification and it 
has not, therefore, been adopted in this country. It might be useful 
in the event of outbreaks of epidemic disease such as typhoid or para- 
typhoid. 

SMALL SCALE SEWAGE PURIFICATION AND DISPOSAL 
Where no public sewer is avtiilahle, other methods such as the 
impervious cesspool or a septic bank installation must be adopted for 
the disposal of sewage. 

Cesspools. Cesspools of two kinds may be met with—perrious and 
imperrious. The pervious cesspool is a chamber built of concrete or 
brick or stone, rendered in cement, and surrounded if ncccssar>’ by 
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■^diphtheria organism may have been carried by flics from an overflowing 
•sewage tank to the milk. 

"Septic Tank Installation. An installation suitable for the purifica- 
tion and disposal of sewage from isolated buildings usually comprises 
-(i) a simple form of septic tank, designed to retain the sewage for 
a period of time sufficient to permit anaerobic digestion of its organic 
solids and to allow insoluble matter to settle out as sludge, and 
(ii) a percolating filter or a contact bed in which the effluent from 
the septic tank is purified by aerobic bacterial action. (See Fig. 25). 
The final effluent should be fit for discharge into a stream or for disposal 
"by subsoil irrigation without any potential risk arising. Rain and 
■other surface water should not be allowed access to a septic tank, but 
n. drain conveying this water may with advantage join the outlet from 
the aeration bed. The sludge needs removal only at long intervals, 
-extending in some cases to as long as two years. 


REMOVAL AND DISPOSAL OF EXCRETA AND OTHER 
WASTES FROM ANIMAL HABITATIONS 

A proper system for the hygenio disposal of animal excreta is 
-essential for the preservation of animal health and as an aid to 
■the control of disease. The disposal of excreta, together with the 
straw or other material used for bedding, is complicated by the fact 
that this material has a considerable raanurial value, and usually has 
to be conserved or stored in some way until it can be conveniently 
applied to the land. The elaborate and expensive systems of sewage 
treatment’ adopted in local government undertakings are clearly not 
■capable of adaptation to animal habitations ; the problem therefore, 
in livestock sanitation is to secure the disposal of animal manures in 
as simple and as practicable a manner as possible, and so that they 
•do not serve as a vehicle for the propagation of disease or become a 
■.source of public nuisance. 

The systematic collection and storage of animal manure involves : 

Q)' The collection of faeces and soiled bedding, i.e. the solid 

^ manine, and its removal from the stable, cowshed, or other 
building. 

' (2) The storage of the solid manure so that its potentially disease- 

ic r-/^ni1etrfA whilcf tit tlifv ctlTvtA tirvif* 


bearing state is rendered iimocuous, whilst at the same time 
its land fertilizing capacity is conserved. 

The conveyance from the building of voided urine, and such 
solids as pass with it, to an outside drainage system. 

<4) The disposal or conservation of the liquid manure. 
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The CoLLEcnoN and Storage of the Solid Manure 

Remoral of Manure from Buildings The c olleaion of solid mnn nre- 
in animal habitations under ordinary management is usually earned 

f f™” '"■‘Wrag IS hsuaUy 

effected either by means of a wheelbanow or sunilar vehicle or often 
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may lie a factor in the spread of mahtitis. Every precaution should, 
therefore, be taken to lessen these risks. 

The common practice of depositing the manure in a dump 
immediately outside the bu ildings, and into whic h the drainage system 
e mptie s, is most_pbJectionabIe; this_sife is_usually_dictated by the 
a rduous task o f rcmoyJng-inanure from a building by hand barrows, 
and by the scarcity of man-power; the problcmmay best be overcome 
by the installation of the overhead carrier system, mentioned above. 
A concrete pathway should connect the buildings and the manure pit 
and, where it is possible, accessibility to the latter from a hard road 
is an advantage when it comes to transferring the manure to the land. 

In estimating the space likely to be required for a manure pit or 
storage dump several factors have to be taken into consideration. 
These include the number and species of animals kept, the nature of 
the food consumed, the amount of bedding supplied and the extent 
to which it is re-used or discarded, and the length of time the manure 
is to be stored. 

In cormtoion with this last point, it should be noted that under 
the Public Health Act, 1936 (Sections 72-82), an urban Local Authority 
has the power to “c all for t he neriodic rem oval of manu re from mews, 
s tables o r olherLPxemises.” The Local By-laws should, therefore, be 
consulted with regard to the regulations in force regarding the disposal 
of animal manure from town, premises. It may be noted_that the 
Model Bx-laws,-1937, recommend that structures- in-whioh-horses, 
cattle. or_swineJire.lcept-must be_adequately_draine4_and_proyided 
with suitable receptacle s for filth. The bottom .ofjhejreceptaclemust 
notJbeJjelow-groundJeveL-and thejeceptacle_mustjrave.n,suitable 
cover, must be emptie d at leas t once a we ek and must be.so.constructed 
and mairitained as to prevent escape of its contents. These provisions 
applsTln a rural district only to a structure tvithin 60 feet of a 
diwelling-house not .being the dwelling-house of the occupier of the 
premises. London County Council By-laws provide that “No dung-pit 
shall be adjacent to the walls of any human habitation and the pit 
shall be so made tliat a part of one side can be removed for ready 
cleansing of the interior,” and that “No dung-pit sh all have a capa city 
of more than J 2 cubic_yard 5 jmlessjt.be emptied-cvery.48 Jrours.” In ■ 
the case of cowsheds the MitkjmdLDairies-RegulationsJ9i(9,-Atticle 15, 
requires that every dairy—farmca-shall A'cause. all_dung.and_.QtItcr 

offensivejmatter_toJ)e_remoTCd_atJeast.once_eyery_day_from-any 

tnUking house in his, oc cupation an d_guse_the^approach_and access 

toliny milking'lipuse_orjnillctOQmto be kept freefrom any.accumuia- 
tion of dung or offensive matter.^ ... . „ ., 

' 'OnTarms in country or rural areas hygienic and other considera- 
— V.H. 8 
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tions demand that manure heaps be cleared at regular mtertals, and 
with this end m % lew, therefore, the size of a permanent or fixed install- 
ation for the storage of manure should be related to the number 
of ammals kept It is suggested that a manure pit should be of 
such a size as to ensure that it must be emptied every 6 to 8 tveeks 
In the case of farms the amount of bedding mixed with the excreta 
IS likely to be relatively small, and what there is will probably be 
■ft ell broken down In eslablishments where the cleanliness and 
abearance of the animals are the first considerations, it is possible 
that the amount of heddmg discarded will equal in quantity or even 
^ass the amount of real manure which has to be dealt with The 

frjrLZ^ 

w which -nrr:r;'s^:':,?bTr 

guide -—“In an ^ found useful as a 

different horses all recenmg 12 Ibf hTy anr%an''°' ™*'‘ 
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3. Tlie liquid manure tank should never be imder the floor of the 

manure pit, bccauTc'dr the ihaeccssibility of this position. 

4. Th e man ure pit should be roofetLover Avith galvanised iron or 

other suitable material to prevent tlie leeching of the valuable 
soluble constituents — ^nitrogen, phosphates and potash — from 
the manure. The roof must allow free circulation of air over 
the manure, otherwise the latter may get too “hot,” and so 
deteriorate. 

In the “making” of stored manure, proper conditions are essential 
af its optimum fertiliser capacity is to be developed. This process 
involves anaerobic bacterial action, wliich proceeds at its highest level 
an the absence of oxygen and when sufficient moisture and warmth are 
present. These requirements are satisfied when the manure mass is 
tightly packed, so that excessive oxidation and evaporation are 
^prevented and tlie heat arising from bacterial action is conserved. 
Fortunately, these conditions, essential for the making of good manure, 
also serve to prevent the multiplication of flies and to bring about 
the destruction of certain pathogenic bacteria and strongyle and other 
worm larvae. 

In certain circumstances, manure may be carted direct from the 
animal buildings to the land without any period of storage intervening. 
^__^here can be no objection on hygienic grounds to such a method of 
-disposal, provided the manure is to be spread on arable land or on 
fields not being used for livestock. Faecal material deposited in this 
■way, as well as that voided by the animals themselves when at pasture, 
may remain potentially infective with the organisms of tuberculosis, 
Johne’s disease and with parasitic ova and larvae for considerable 
periods. 

The Conveyance of Liquid Manuke from Animal Buildings 

The removal and disposal o f urine and other org anic liquid wastes 
from ani mal buildings ca lls for some form of drainage jystem, which, 
in essent ials, should be of a cpmparatiYely,simple nafure_cqnpared with 
■that of_human_habitatipns. •The interior drainage arrangements in 
modem animal buildings of proper design consist merely of surface 
- channels, which conduct tlie liquids to a proper outlet-drainage system. 
The dimeimqns_and_arrangeinent_pf,the_surface_channels_are_closely 
bound_up with_the_ details _of floor construction, and also .with the 
species of animal concerned, and can more conveniently be dealt witli 
imder the construction of the building as a whole. (See appropriate 
parts of Section IV., Housing of Animals.) 

The ■nirfnce channel, or cha nnels,. inside_tlic_building-di5charge 
through an opening in the^wall at,grpundJexeLintq_ajuitable gully 
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trap ; it is somrttrn^s adMscd that the ’ftall opening should be fitted 
v.ith_flaps or bafilcs so that it docs not gi\c nsc to a direct draught 
on the nwrest animals, but with ordinary foresight in the planning 
and construction of the communication betw cen the interior channel 
and the gully no special anti-draught measures arc usually ncccssarj 
If possible the intenor channel should discharge through an end 
wull, but where this is not possible the surface channel ma> be sloped 
to the middle of the shed and the outlet earned through a w all opening 
or doorway. In the latter case, and with cross-gutters in any passage- 
way, the channel, if part of a passage-way, should be co\ercd by a 
mo%able steel plate 


Until comparaUvely recenUy it was the custom lo use underground drams 
for the m^or of animal housa. and especially m stables ms system has been 
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is illustrated in Figs. 18 and 19. A better type is that illustrated in 
Fig. 22; this is a self-cleansing trap, -which only requires flushing' \ 
with water to keep it in a hygienic condition. Gully traps suitable for 
dairy cowsheds are dealt with in connection with installations for the 
conservation of liquid manure. (See below.) 

nic following quotation from a Memorandum on Farm Buildings 
prepared by the National Veterinary Medical Association of Great 
Britain, dated January, 1943, very appropriately summarizes the 
veterinary standpoint regarding the ultimate disposal of liquid excreta 
from farm buildings : — 

“On the grounds of hygiene, disease prevention and the con- 
servation of manorial value, the use of soak-away pits, pervious 
septic tanks, or the discharge of liquid manure into open field 



Pio. 28.— A COThonM rrainage- SyBlom providiig for comenratioo of liquid 
manure. 


ditches, ponds or streams cannot be recommended. The spread of 
(animal) sewage-borne diseases is too serious to be neglected in this 
way and the Association hopes to see all farm steadings provided 
■with facilities for the control, storage, and proper utilisation of 
liquid manure.” 

Liquid Manure Tank. A suitable illustration for the conservation of 
liquid manure is shown in Fig. 29,,which shows the detailed drainage 
system from a cowhouse. Because of the large quantities of water used 
for cleaning the standings of a cowhouse and for the washing of the 
cows prior to milking, it is essential with liquid manure installations 
to have some means of diverting this waste water from the main 
drainage-flow to the storage mnks. This is acliicved by fitting a 
double gully at the exit of the surface channel from the cowhouse. 
Such a device allows of the disposal of the washing water to any 
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convenient and suitable outfall; the liquid manure is conveyed via 
an inspection chamber and a settling chamber to the storage tank. The 
most satisfactory type is shown in Fig. 28. Washing water flowing 
rapidly falls into the right-hand trap and is conveyed to the outfall; 
liquid manure drips into the left-hand trap which is connected with 
the storage tank. 

The liquids from all the animal buildings on the site should be 
brought to converage at one point if possible. At the point of con- 
vergence the pipes meet in an inspection chamber fitted witlr half 
pipes. From this chamber one pipe carried the liquids from all 
sources to a settling chamber. The settling chamber is constructed 
of cement concrete throughout, or with cement concrete floor and 
walls of brick faced with cement. It is divided into two parts by a 
movable vertical plate which fits with grooves at the sides and bottom. 
This plate must be perforated so as to let the liquids pass through 
to the distal side of the tank while the solids are retained on the 
inlet side. The outlet pipe leading to the liquid manure storage tank 
is bent down so as to dip into the liquid, thus forming a seal to 
prevent the backflow of gases from the storage tank, thereby con- 
serving the ammonia in the liquid manure. The storage tank must 
be placed at a point suitable for the collection of the liquid and its 
distribution to all parts of the farm; close proxinuty to a roadway 
is therefore desirable. Its location must be such that the tank does 
, not create a nuisance. 

The caparity of the storage tank wifi depend on the size of the 
herd, the time the cows spend indoors and the period of storage. If 
the cows are housed day and night and the tank is to be emptied 
once a week, the Committee on Farm Buildings (see Post- War Buildings 
Studies, No. 17, para. 204) recommends that about 3J cubic feet of 
tank capacity for each cow will probably be adequate. This, 
however, will involve frequent emptying of the tank, and situations 
are hound to arise when it cannot be done weekly, e.g. otving to bad 
weather or season of the year. In such a case, when the tank is full 
the liquid manure may he distributed over the solid manure and straw 
in the storage pit, provided the pump from the liquid tank is suitably 
sited for this purpose and is provided with a swivel top. Alternatively, 
the tank should be of such a capacity to obviate the necessity for 
over-frequent emptying. The Ministry of Agriculture* suggest that as 
a general rule and allowance of 12 to 15 cub. ft. of tank capacity for 
each cow will meet pracfical requirements. 

The tank must be made of impervious material throughout, and 


•See Advisory Leaflet 232, ‘'Liijnid Manure Tanks.” 
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the bottom should be constructed of reinforced concrete The sides 
may also be built of reinforced concrete or, alternate ely, be bnck- 
built and faced inside wth a good coating of cement Absolute 
gas tightness m a liquid manure tank is essential in order to conserve 
the ammonia The top must be fitted with a manhole, the cover of 
v.hich should be of iron rvith a tongue to fit into a groo\e in the 
frame, uhich is filled with grease so as to form a gas-tight joint. 
The pump for extracting the liquid should be as simple as possible, 
coupled with efficiency, and should be so fitted that no escape of gas 
15 possible. 


ANIMAL EXCRETA AS A FACTOR IN THE SPREAD OF 
DISEASE 
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fever and, although this organism, which is readily destroyed hy dry- 
ing, probably does not remain alive outside the body during warm 
weather for more than a few days, it may be carried by animals, 
possibly by birds, and on the footwear and clotlring of persons coming 
in contact with infected manure, particularly when the latter is sodden 
with urine. 

Amongst pathogenic bacteria which are excreted in faeces, mention 
must be made of Johne’s bacillus. Lovell et ah* have recorded that 
naturally infected bovine faeces, even when left exposed to atmospheric 
conditions involving alternate drying and freezing, may contain viable 
Johne’s bacilli as long as 246 days after exposure. These authors 
consider it a sound policy to encourage such measures as the breaking 
up of droppings on infected pasture land and the disposal of dung from 
standings to cultivated, land, besides the draining and fencing of ponds. 

The anthrax bacillus is another micro-organism which occurs in the 
excreta and discharges of diseased animals. In addition to carrion- 
eating animals and birds of prey, insects, especially blood-sucking flies, 
must be considered as potential disseminators of infection, particularly 
in hot climates where flies are abundant. Experimentally, at least, 
the House-fly and Stable-fly which frequent manure have been shown 
to be capable of conveying the spores of anthrax. 

Amongst other bacteria which occur in excreta and may cause 
disease ate organisms belonging to the Clostridium and Salmonella 
groups. 

■ Of the Protozoa which ate excreted in faeces, coccidia are import- 
ant in the production of disease amongst both animals and birds. 
Owing to the resistant nature of the oocysts, especially when sporu- 
lated, they not only may remain alive for periods of many months but 
are difficult to destroy by most chemical disinfectants which may be 
added to the manure without at the same time destroying the fertUi- 
zing value of the dung. 

Numerous helminths occur in the droppings of livestock, mostly in 
the egg stage, hut a few as larvae, and may be transmitted from the 
diseased to the healthy animal by contaminated food or water which 
contains the infective stages of the worms. The redworms, or 
Strongyles, or horses, the lungworm of cattle {Dictyocaulus xiviparus^, 
Habronenm species of horses, which use House-flies and Stable-flics as 
vectors, and some of the avian tapeworms, which require certain arthro- 
pods as intermediate hosts, are examples of helmintlis which may bo 
spread from manure. 


♦Lmell R. Levi, M.. and Francis. J. (1944). Studies on the Survival of johne's 
’ * B.acilli. A Cewn-natli. 54, 120-129- 
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Organisms whch use faeces as breeding matenal are principally 
insects, particularly flics They are mainly important m playing the 
role of disseminators of disKise producing organisms 

Pathogenic organisms occumng in faeces of infected livestock may 
be spread to healthy animals by several other methods m addition to 
aeir d'spereal by inserts They may be earned on the clothing and 
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Mtisca sorbcns breeds in sites very similar to those frequented by 
the House-fly, and it will also breed in cow dung lying in the field or 
stacked, and in isolated deposits of human faeces. Another allied 
species, Musca autumnalis De G., breeds in cattle droppings scattered 
in the fields, as also does Miiscina slabulans, often called the Non- 
biting Stable-fly, which commonly occurs in houses, stables and other 
* farm outbuildings. The maggots ofthese two flies develop in situations 
where, unlike House-fly larvae, they cannot be economically attacked. 
The Lesser House-fly, Fannia canictilaris, and its near relative, F. 
scalaris, the Latrine-fly, sometimes frequents buildings. The larvae 
may be found in the drier parts of manure heaps and other places 
where there is decaying organic matter, in the soil of hen-runs or in 
the urine impregnated sawdust or other litter in rabbit hutches or 
cages of animals. 

Although there are several species in the genus Stomoxys, the 
Biting House-fly, S. calcitrans, is the commonest and the most import- 
ant, This fly deposits its eggs in moist, decaying vegetable matter 
such as piles of waste litter and food-stufis that may collect in a farm- 
yard, get wet and decay or are wetted rvith urine or have a certain 
amount of manure added to them. Another common breeding ground 
is stale farmyard manure mixed with straw,.as in a manure heap. 

The larvae of species of the biting-flies Haematobia and Lyperosia 
are found in cattle dung lying on pastures. 

Principal Paints in the Life Cycle of the Bouse-Fiy. The veterin- 
arian is chiefly concerned with control measures against the breeding 
of flies which frequent stables, stock-yards, abattoirs, drains, garbage 
dumps, and places such as military camps where the occurrence of flies 
in great numbers may result in epidenucs of typhoid fever and other 
diseases. This fly nuisance can be overcome, and in fact entirely pre- 
vented, by the intelligent application of our knowledge about the life 
histories of the insects involved, particularly as regards the following 
points which refer especially to the House-fly, the most important pest 
concerned. The whole life-cycle of Musca domestica can be completed 
under very favourable circumstances in S to 9 days although a further 
period, which may vary from 14 to 18 days in Britain but may be very 
much shorter in other parts of the world, must elapse before the newly 
emerged flies are capable of laying eggs. The rate of development 
varies greatly depending upon the temperature of the air and of the 
' food material, and upon the nature of the food and other factors. In 
very warm weatlier development in Great Britain may, therefore, be 
completed and the flics ovipositing in about three weeks after the eggs, 
from which the insects originated, were deposited. Oviposition takes 
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place in faeces within 24 hours and often within S hours of tlicir bcinc 
deposited, kter than this faeces appear to Iiatc \cty little attramon 
for ilics TOe eggs are deposited m small masses of 120 to 150 m 
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tant factor in the spread of infantile or summer diarrhoea which results 
from the consumption of fly-contaminated milk by babies. Reference 
has already been made to the carriage of antltrax spores by the House- 
fly and Stable-fly and to the fact that both flics may act as vectors of 
Habronema spp. parasitic in horses. Houseflies are also associated 
with the life-cycle, and consequently the transmission, of certain other 
species of parasitic worms infesting domestic animals. 

It is generally considered that the organism {Coryncbacterium 
pyogenes) responsible for Summer Mastitis of dry cows and heifers is 
transmitted by flies. 

Methods of Manure Disposal to Prevent Fly Breeding. With 
regard to the disposal of manure, the important question is : How best 
can it be handled, whether in small or large quantities, after it has 
been passed by the animals so as to prevent it from becoming a source 
of infection for other animals or from providing a breeding ground 
for flies? 

(a) Incineration and Btirial. — Manure, particularly horse manure, 
is a valuable land fertilizer and whenever possible should not be burnt 
or deeply buried. When, however, it is neither practicable nor desir- 
able to conserve it as a fertilizer, incineration is the best method of' 
disposing of it. The manure may be simply burnt on a hard piece of 
ground making certain that there is a good layer of ash on the surface 
after the dump has burnt out, which will deter flies from ovipositing 
in any portions of the dung not completely destroyed. Several Afferent 
types of incinerator for burning manure have been designed. What- 
ever type is employed it must be efficient for its purpose and there 
must be no accumulation of manure either in or alongside the incin- 
erator, otherwise fly breeding will readily occur in the unbumt faeces. 

The deep trenching of horse manure, unless performed with care 
and thoroughness, may prove to be a fertile source of fly breeding. 
Simple burial of the material in sand or ordinary soil will not prevent 
the development of House-flies, which have considerable powers of 
burrowing upwards both as mature maggots and as newly hatched flies 
to gain the soil surface. Furthermore, the simple burial or ploughing 
under of manure carmot be guaranteed to dispose of nematode eggs 
and larvae. The larvae of equine strongyles can migrate upwards for 
varying distances according to the nature of the soil and, moreover, 
can live for many months under favourable conditions of temperature 
and moisture in the soil. Similarly, cattle and sheep roundworm 
larvae such as Ostertagia, Haenmnehus. and Ncmatodirus can all re- 
gain the soil surface after being ploughed under; in fact, ploughing-in 
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may help deielopment of Ihc nematodes by breaking up the soil and 
faeces 

(b) Use of Chemical /fgewr-Thc application of chemicals and 
01 y liuKis to manure m order to deter flies from ovipositing, and for 
killing fly larvae, norm eggs and larvae, and other patliogcnic organ- 
isms has peen snggested Hie general use of these substances for the 
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their eggs. Suitably formulated, water-base sprays can be applied to 
the upper surface and any open sides of manure heaps so that emerging 
maggots and flies do not escape contact with the chemicals. Greatej- 
control is possible if, in addition to the manure heaps, the livestock and 
the interior of farm buildings arc also sprayed. Under normal con- 
ditions an even deposit of approximately 200 mgm. DDT per sq. ft. 
of manure heap surface will give adequate control during the fly 
season if spraying is carried out at 2-6 weekly intervals. At this rate 
of deposition, the chemical will not adversely affect the fertilising 
value of the manure. Fresh manure added to an existing heap, or 
freshly exposed surfaces where it has been removed, require, of course, 
to be sprayed. 

The effect of the different chemicals on nematode eggs and larvae 
depends upon the nature and concentration of the chemical added to 
the manure. While it may be possible, and obviously advantageous, to 
use a chemial which is lethal to both nematode and fly larvae, it does 
not necessarily follow that a substance lethal to fly larvae will also 
Tall roundworm larvae. Thus, whilst hellebore will kill fly maggots it 
is not lethal to sclerostome larvae in faeces. Similarly, for nematode 
control borax would have to be used in amounts greater than arc 
practicable if the faeces are later to be used as a fertilizer, owing to 
the toxity of an excessive concentration of borax for plants. 

It has been shown that urine, particularly horse urine, has a lethal 
effect on strongly larvae, and also that ammonia, even in compara- 
tively high dilution, kills with considerable certainty. Although the 
chemicaf composition and fetftai effect of urine vanes witft species and 
according to the food and condition of the animal excreting it, as a 
rule the addition of 30-40 per cent, by weight of urine to fresh faeces 
will kill the free-living stages of equine strongyles. 

Many artificial fertilizers, when mixed with faecal material, have 
lethal properties for eggs and larvae, and if care he taken to avoid 
loss of nitrogen a part, or even the whole, of their cost may be re- 
covered by way of the added fertilizing value of the m.murial mixture. 
Urea appears to be the most potent, requiring only 0.75 per cent, by 
weight of this substance to fresh faeces to sterilize the latter against 
strongyles. Closely approximating in potency are calurca used at the 
rate of I.2S per cent., and cyanimid used at the rate of 2 per cent, as 
a powder or 2.5 per cent, if in a granular form. Another fertilizer with 
lethal action is high grade kainit, used at a rate of 5 lb. to each 100 Ib, 
manure. Several other artificial fertilizers arc of lan icidal \-aluc, and 
are generally recommended to be used for this purpose at the rate of 
about 6 per cent, or slightly more, compared with the weight of fresh 
faeces. It should be noted that the addition of some alkali fcrtilizcr-s 
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to ammal manure causes a loss of ammonia, and m t!ic case of urea and 
calurea much of the ammonia escapes as a gas 

Tlie practicahihty of using chemical substances for rendering animal 
manure mnocuous largely depends upon their cost, and v.it!i many of 
the substances the amounts mentioned abo\c tvould be too great for 
general adoption where large quantities of manure have to be treated 
However, since the heat of fermentation, lack of oxygen, and other 
factors in the middle of a well constructed stack arc lethal to hrvac 


It should be necessary to treat only the freshly passed faeces on tfic top 
and sides of the pile The chemical must be well mixed in at once, 
and the stack firmly packed, the manure must remain undisturbed 
for some time, so as to allow contact of the fresh faeces and the 
chemical for sufficiently long for the latter to exert its maximum 


larvicidal effect In this connertion, the use of a wcU-built manure pit 
IS desirable, this, ideally, should be divided into tuo parts— one to 
contam manure under treatment, the other meanwhile being filled 
When both compartments are full, that already treated is emptied in 
order to take fresh manure while the manure m the other is now being 
subjected to treatment 
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Rapid and regular daily drying is essential as only the eggs and pre- 
infective stages of strongyles are easily destroyed by desiccation. 
Moreover, dry or drying manure does not attract ovipositing flies, and 
any maggots already present therein cease development and die. The 
method should be worked on the “tliree day system,” using three areas 
of ground each just large enough to take one day’s output of manure 
when it is spread out thinly. Each area is covered in turn, and before 
re-using an area again the dried dung may, where necessary, be swept 
or raked to one side for burning. The final disposal of the manure by 
burning is the logical extension of the drying process. 

Turning over i/ie Surface^ The basic principle of both this and the 
close-packing method is the utilization of the natural heat which is 
generated in fermenting manure for the purpose of destroying the 
eggs, larvae, and pupae of flies and the eggs and farvae of round- 
warms normally present in the dung of farm livestock. A well-packed 
stack of horse manure becomes very hot after an interval of from one 
to tlvree days, The temperatures attained vary at different depths ; 
at one inch below the surface the heat registered may lie between 
87° F. and 97° F. ; at four inches below the surface it will range between 
145° F. and 156° F. ; at six inches depth it will commonly be about 
158° F. whilst at a depth often inches it will be about 160° F. 

In general a temperature level that will destroy the strongyles of 
horses will also destroy almost any of the related parasites of other 
livestock, as equine redworms are amongst the most hardy of the 
nematodes so far as resistance and viability of the larvae are concerned. 
Various reports indicate tliat the infective larvae of horse strongyles 
can survive exposure to a temperature of about 125° F, for about 20 
minutes only and that they are killed almost instantaneously at about 
130° F. The eggs are apparently somewhat more resistant, but it 
would appear that tliey are quickly killed at temperatures between 
140° F. and 158° F. The first stage larvae of Afiisca are readily killed 
at temperatures between 104° F. and 120° F. wlfile in tlie second, and 
■ especially the third, stages tlie larvae are killed by exposure to 130° F. 
As a rule sufficient heat will be generated by fermentation in a tightly- 
packed stack of horse mamuc to kill during the first three days all fly 
larvae and worm eggs and larvae buried at a depth of six inches below 
the sOTface. Atmospheric warmth combined with moisture accelerates 
the fermentation of organic manure, whereas dry heat, or cold, rct.ard 
it Finally, it must be noted that, whilst the lethal effect of the hc-at 
generated in fermenting manure is undoubtedly great, the killing of 
eggs and larvae is not secured by this means alone; gases liberated 

— V.H. 9 
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during the decomposition of dung also exert considerable toxic action 

It would^^ppear, then, that a simple method of dealing with fresh 
-manure so as to free it from these free living forms of parasitic life is 
to bury it in a mass which is already undergoing fermentation i.e., 
fresh manure, instead of being thrown on to the surface of the stack 
should be buried at a depth which ensures a surrounding temperature 
' high enough to prevent eggs hatching and to laH “"y laivae that may 
be^nresent The outside layer of the stack must be buried periodically 
in a similar fashion. The procedure outlined here is the essence of the 
"‘turning over the surface” method which, it must be recognised, 
,en“ degree of labour and of intelligent and conscientious apphea- 

n lint is seldom possible or available under most condition of 
tion that IS seldom possime procedures have been 
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ted on the floor The manure must be tishtly packed into the %-ariou$ compari- 
menls in turn, and must be moistened if it is too dry and be protected against hedvy 
rainfall by a co\enng of some sort Any maggots not killed by the heal of fer- 
mentation and leaving the manure to seek a pupation site are trapped m the gutter, 
from whicn their escape through cravkling up the walls can be prevented by fitting 
a metal overhang to the edges of the gutter , this may conveniently be constructed 
from ordinary sheet galvanised iron, about 6 inches in uidih, and bent down 6no- 
and a half inches at its free edge All joints in the overhang must slightly overlap 
since maggots will find, and escape through, any openings left between the ends 
of the metal sections The gutters slope to a sump of appropriate size into which 
the drainage from the manure is collected It is important that the edges of this 
sump be provided with a metal overhang similar to that of the gutter, as the majonty 


of the larvae migrate towards the sump and will readily escape therefrom if no pro- 
vision IS made for their detention If the gutter be not kept free at all times from 
litter and other solid material, which readily find theu- way into it, it is obvious that 
the whole trapping sjslem will be rendered useless If desired the gutter may be 
filled with any suitable disinfectant or fiy poison The method of using Baber's 
trap is to deposit one week’s output of manure meach of four compartments in rota- 
tion , this allow the manure being Icfi in any one of the compartmenu for three 
weeks, after whwh interval it is no longer attractive to flies and may be considered 
tobcclearedofflyUrvaeandalso. except for the outer edges of the stack, of strong- 
uT"’ ot 'he Inner dee, red the edges 

of the steel: should be removed and buned m ferrtxnling manure or alternatively 
ftts material may comen, ently form the nucleus of the succeeding fresh smek One 
great duadvantage of the Baber trap a that the wire fencing makes close necking 
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•sition ranTrocced in the other which is already full. The 5>^tem allows the front 
■and top layers of manure to be periodically removed and deposited in the centre 
•of the stack with the least difficulty. 

Hutchison’s method of storing horse manure is to place it on a platform, per- 
forated by many fine slits, which stands over a shallow concrete basin sloping 
•slightly to one comer where there is an outlet pipe and containing wafer to a depth 
'of half-an-inch in (he shallbwest part. In contrast to the other methods described, 
it is not necessary to pack the manure tightly on the platform. ^ The principle under- 
lying this method of dealing with horse manure is to encourage ovipositing flies 
to deposit their eggs in it during the 10 or 12 days when it is attractive to the flies, 
and then to drawn the maggots as they leave the manure through the slits of the 
platform to pupate. The water should be drawn off at intervals and (he dead and 
dying maggots destroyed. Important difficulties in the system are that the manure 
is apt to fall over the sides of the platform and also to work through the slits ; it 
■can of course be replaced and, to allow of this, the platform should never be less 
than one foot above the basin, but its re-placement may entail excessive labour. 
Another drawback is that the manure being over-exposed to the air, tends to become 
too dry so that not only is decomposition retarded, but the increased friability 
■of the debris makes it difficult to handle as well as allowing it to fall into the basin 
more readily. Further, in dry, hot weather, the water may evaporate rapidly 
cod so allow the maggots to escape from the empty basin; to ensure against this 
possibility, water should be added to the basin when each day’s manure is dumped, 
if mosquitoes are present it will be necessary to cover the surface of the water in 
the basin with oil, a procedure which docs not in any way hinder destruction of 
the maggots. Another not unimportant limitation is that only a proportion of 
the strongyle eggs and larvae contained in the manure is destroyed. 

In any method of manure disposal where both horse and cattle dung are being 
.heaped together, the horse dung should be put on first and the cow dung, which, 
js less attractive to flies, applied over it. 
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AIR AND VENTILATION 

t/Tt; .is ne cessary that the hygienist should have a clear conception of 
(i) the impurities that may be nresent in the atmnsnheric air; fiil 
how they accumulate ; (iii) to what degree they cnn be fnterafed hy 
man and domesticated animals.* and fiv'i how polluted air may hi; 
, ^^rilied. When auirpal life is crowded in a restricted area, as i n 
, Tmildings, the composition and character of the air becomes changed 
from the normal state to one which, if not necessarily fatal to life. _ 
may at least appreciably reduce vitality and productivity. The more 
confined the space in proportion to the animal life contained within it, 
the greater is the degree of pollution and the more rapidly does it 
take place. The problem of ventilation is to secure the continual 
removal of polluted or vitiated air from occupied buildings and the 
maintenance of atmospheric conditions which are conducive to comfort 
and good health. 

T/ie Composition of Atmospheric Air. Pure air is a mixture of various 
gases including a quantity of water vapour: it has the followmk 


approximate composition by volume ; — 


,^xygen 

... 20.94 per cent. 

^^a^boIl Dioxide 

0.02S to 0.04 per cent. 

Nitrogen 

... 78.04 per cent. 

Argon 

0.94 per dent. 

Helium, krypton, neon, etc. 

... Traces. 

There are also traces of ammonia, ozone, nitric acid, free hydrogen 


onrt methane. On an average air contains about 1.4 per cent, o f 
p,/';rtiirp~ytiich exists as a gas and not in the form oi droplets, v.-' ' 


Atmospheric Humidity. The term humidity refers to the amount of 
■.rpie nus vapour present i? tlie atmosphere. The existence of vapour ' 
pressure can be shown by introducing a little water into the 
Torricellian vacuum of a barometer tube. The aqueous vapour which 
is formed drives the mercury down by an amount which measures the 
aqueous vapour pressure. If sufficient liquid is present the vapour 
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pressure reaches a maximum, called the saturation pressure, for a given 
temperature and increases with the temperature There is always a 
certam amount of aqueous vapour present m the atmosphere, and 
it becomes of importance to measure the amount present at any given 
time 

As the air is rarely satu rated with water, some means of mdicatmg 
the amoum*of water present in the air is necessary This is done by 
statmg either the absolute or the relative humidity The Absolute 
Humidity is the actual weight of water present in a stated volumT” 
of airZBy RelaUie humidity is meani the ratrn n> IHr^achiai^ 
mas s of water vapour present >n a giv en volume of the air at 007 **“ 
temperature to tlmt mass which would be present if that volume of 
air were saiurated at that temperature Tiie Deit^ Point is that 
perature at w men the wat^apourThen nresent m 
would be sufficient to saturate it 

Since the vapour pressure approrunately follous Boile s Law we 

see that » 


Saturation vapour pressure at 

Relatn'c Humidity ^dew point 

Saturation vapour pressurTat 


air temperature 


and it IS usually expressed as a percentage 

The measurement of the Absolute Humidiiv i. ^ 
a known volume or weight of a.r over a powerLl ^ 

as phosphorous pcntoxidc or H,SO, so that vTrt., 

IS removed from the air The chemir^i ^rtually all the water 

after the test , the difTerence m wcighu ' b,v''b rtif 

in the known quantity of air ^ amount of water 

Relative humidity can be estimated ra two wav 
from direct measurement of the dewnomt j which is 

o^erved temperature of evapom.ro™ 
temperatures mdieated hy wet and d^r’ m 
a^aratus used for determimng the dew Mim "“nnometers The 
abom 4 long at the bottom of which “f gloss tube 

^mhle This thimble is fiUed with ether and th'^""* “ 

It, thus coolmg the thimble by evaonr,,’ “ iubblcd throuch 

“ •hm film 0^7'™™ At aT^t 

temperature IS the dew pomf Fro™ Ii.'^^ 'he thimble th.v 

Fciras for tts _ 






AIR, VENTILATION LIGHT 


■quickness with which the dew is first observed ; tliis is not easy and 
Tcquires some practice. 

The method involving dew-point measurement has been found to be 
too tedious for routine estimation of relative humidity ; calculation 
from the knotvn wet and dry bulb temperature is more suitable and 
,gives sufficiently accurate results. A description of this method will 
be found at the end of this Section. (See p. 151.) 

,^^/i*oUu1ion of Atmospheric Air . Pure air is never found in the 
immediate vicinity of animals nr neoole. hecniise bv them the pro 


matters, some of 










an alteration in the ptiysica 


-character of the air by increasing its moisture and temperature. ' 


combustion of coal and otlicr luei, tne decomposition of animal ah 
-^geta ble matter, t h e combustion of illuminating and heating gases 
^nd the various trade and manufacturing processes all take a part 


un rendering the air less pure. Factori es discharge various gases an 
^substances m suspension into tlS" atmosphere. S 


eletenous and some harmless. Chemical works add sulphur dioxide, 


sulphuretted ^liydrogcn and 


‘gases into the atmosphere is regulated by the 


eqmr e tnatT in the case of hydrochlon c acid gas, not more 

th of a grain per cubic Fo^ot of air, smoKe or "chimney gas maj^ 





found in the air of badly constructed a 









entilated animal 





-the air of animal habitations. This may be in the form of droplets 


of Jmoisture arising from pulmonary exhalations, or which ‘may be 
projected into the atmosphere during coughing or sneezing, giispended 
impurities originating from cuticular debris, J'rpm desiccated faeces, 

' from the"dust and pollen of feeding stulis and bedding materials wiH 
•' .Siso be present. Associated svith tlie liquid droplets or with the dust’ 
■mThe air of animal buildings, there are always to be 'found moulds 
and bacteria of diverse kinds, which under certain circumstances may 
.acquire pathological significance for animal health, or which may be of' 
a-eal hygienic importance,, as for example.sin "clean” milk production. 
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CHANGES IN THE AIR RESIH-TING FROM RESPIRATION 

Respiration is basically a gaseom e xchange between an org anism 
and Its env j ra nmsi't, ^ich resal.^ in cHeiSIcirand physSal alterations 
^ the exp ired as co mpared Ihc nispired .nr Jiie chrmipal 
c hays arise fr om the^orpiion o f O, and the elimiaumn of rn , 
by thejlood m the pulmonary canillan es Expired air thus contains 

T'c following percentage 
compos, non by volume for the expired air of mm may be taken as 

rn ™!,''®l^“'"‘‘®!''^'‘®“''’"'"'"“"*”"“>'gations -O, 164: 
_^_421 N, and other gases remain subslantiallv the se-;;nr^“ 
^ tFTinspired ai r From these figl Sni may be calculated that ai 
rolumes'’S"‘" '“" of -P'-O nir loses aboul 4t 

in the abmentarv mhoI — n carboh y drate fermentation 

^mon of the wpired air in alt sp«,« artT^ ’ R com- 

in the kind of foodstulTs being Ldircd 

frequency and depth of respiraPor ’ ^ “Hn-etions in the 

T^s and cattle differ considerablyAZ^flTl^""'''^ 
the weight and surface area of the dilferem h"’ a ° "P'''''*' '“PP 
p!=iateoLCOxStl£U2a^7™ ond types vary 

the ratio betff ffl^h; x^rfaoTTrM^SirrT--^^ depend upon' 

COi than small ones ^ P Pducc^ ipop5fp,„n^^^]^ isxw 

ercr"etr„^f *'■' average figures for the hourly 

Cows m milk Cubic Feet 

Horses 5 8 - 

Swine 3 9 

SKeep I 3 

™'^ng about 50 lbs ex™ 0 55 

of CO, per hour For cows™ ‘'PP™simatelv 01 n e 

orcO,maybep„tat6euret~--e,y 

•Arm,by4Km,(,92„ J . 

-Wei He, 21 323 
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In addition to the ch emical changes in expired air mentioned ahovo . 
certain important physical changes take place . Expired air is wnrmeft " 

to the temperature of the body, and in the Time'; it 

practically saturated with water vanmir mn hr- t-it-^rly cci.n hy ^ i,,' 
condensation cloud which forms in cold weather when the warm, moist 
exhalations come in contact with the roMer atmnsplierir; .niV Another _ 
effect of warming is that the air of expiration has a greater volume , 
'•e., is less'den se, than the normal atmospheric air . This latter fact 
fornts the basis of all systems of natural ventilation in occupied buil- 
dings, in that the warmer, less dense air tends to rise, its place being, 
taken by cooler air entering at a lower level. 

^,-TAe Significance of the Changes in Expired Air. The immediate il l- 
effects experienced hv human beings in ooorlv ventilated rnn msJnclude 

depression, headache, drowsiness and a' gener.al inability -to 

do efficient nhysir a* or Tnentnl wnrt The effects of prolonged con- 
finement in badly ventilated fauildin.gs, on the other hand, are not well 
understood, but there is considerable evidence of the unfavourable ' 
intluence which habitual exposure to vitiated air may exert on bodily 
Tunctio n. Thus it is a common observation with regard to both man 
and domestic animals that natural resistance to disease, particularly - 
respiratorv affections, is lowered bv continued living in poorly 
ventilated surrounding s. In the case of animals, too, there is some- 
evidence which suggests that slight but significant increases in the- 
vi elds of milk or of eggs have rsulted when the cows or fowls 
respectivel y were maintained under improved air conditions. _ An . 
understanding of the significance of the changes in air composition, 
resulting from the confinement of animals in buildings is, therefore,, 
essential to the problem of ventilation. ‘ 

It was formerly believed that the discomfort and other ill-effects . 
experienced by the occupants of crowded and badly ventilated buildings ■ 
were attributable do a decrease in the and an increase in the CO.- 
in the expired air. This idea was refuted by Sir Leonard Hill and' 
his collaborators as a result of an extensive series of critical experi- 
ments, which provided convincing proof that heat stagnation, due to 
excessive moisture and lack of air movement, was the real cause of 
the discomfort; (See Local Govt. Board Rept., New Series, No. 100, 

■ 1914 ; andM.R.C. Repts., No. 32, 1919, and No. 52,'l920.) 

Oi'ygen Decrease . ' The work of Hill' showed that man experiences. 

^ no discomfort even when the percentage of Oj in the inspired air drops 
to IS per cent., a level at which ordmaiy combustion, e.g: that of a- 
match or a candle, will not take' place. In greatly overcrowded rooms.- 
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the O; content is said rarely to fall below 20 per cent. It is not until 


rops to less than 1 2 per cent that harmful 


‘ A person not exerting himself will 







Tlaccs In sutmarmes these 

limsT cau^o, m comammg^ 

respiration mnun becomes aS; ilern..n —SS-SLIgrcenrir^ 
becomes eviaent At a concenirai.oT^ ’r-r^'’” distinct panting 

me lormerly held view that ~ 

health if present in anything but a sL deletenous to 

normal is now untenable in the face or ™ Porcentage above the 
cited abote Sinee, houever, the increase m '=‘”'1 

mr or a budding resulting from the metabrt 
My be raid, ,n some degree, to occur 'herein, 

of tr b “"‘1 ““oa^n ramii”™ «''=-• changes, 

“cd A„ C2, 74, 
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conditions inside the building without any change in the CO 2 concen- 
tration and many hygienists now regard it as erroneous and unscien- 
tific to rely upon CO- detemu'nations of the air as a sole measure of 
its fitness for respiratory purposes. 

Increase of Temperature and Hnmidity- Where animals are confined 
in an inadequately ventil ated building it is a commonplace observation 
that 5olli rlie lemoerature and moisture con tput nf -thp . ntinocpttcrc 
b ecome markedly raise d. The sources of these physical chang es in 
the ait of the building are the heat and water losses arising in 
the animal body . In an environment where both temperature an d 
m oisture have become unduly high , t he physical condition of the air 
becomes such that the r ate of heat loss fr om the body is greatly 
reduced. It should be evident that such an atmosphere is a poor 
lorlhe taking up of heat liberated via radiation or for the vaporizav 
tion of-water, the two chidf means by which the body gets nd of its 
excess heat. A high^ env ironmental te mperature depresses rate of 
' heat loss by radiation, high air humidity reduces ev apo ration, and la ck 
oTair movement sti ll further limits evaporation because of the envelop e 
of warm, moist air which tends to form around the bodies of individuals 
placed in an atmosphere where there is lilllu or no air 'velocity, i.e'. 
when ventilation is inadequate. Tlie net result of exposure to such 
a set of environmental conditions is heat stagnation in the body, a 
condition wltich the work of Hill and others, already referred to, has 
shown to be the main factor responsible for the discomfort and other 
symptoms experienced by human beings in pooily ventilated build- 
ings-: — “The symptoms arising in the so-called vitiated atmosphere 
of crowded rooms are dependent on heat stagnation. The essential 
thing is to keep down the heat saturation of the air in contact with 
skin. The air entangled in the clothes becomes warmed up to body 
temperature and saturated svith moisture if there is no wnd to drive 
it away.” (Hill ei al., op. cit.) 

In animal huildi nes certain other sources of air vitiation not 
dir ectly cmineeiCT~with the a nituals th emselves must also be con- 
these inelude dec^posing e.vcreta and bedding, water on 
tire t loors of cowsheds resulting from washing operations and, iii 
cSrtinh cireiimslances. on the surrounding walls and surfaces, all of 
Elicit tend to increase the humidity of the internal atmosphere. 
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TEMPERATURE IN ANIMAL BUILDINGS 

Physiological Considerations A\ hCTi the tempera ture of an environ- 
roent falls, certain compensatory i^hanisms^i'or the reduaion ofE eat 
l oss from t he body are_brnn^hf i nto play These include v as^ 
constriction of the cutaneous blood vessels, erection of hair or feathe T3« 
and decrease of tyap or ation T ro^the hodyTgurfaee If the emn ron- 
niental temperature continues to fall, t here comes a tune when the heat- 
consemng mechanisms arc no longer able in themselv es to prevent 
cooling, and if body temp e rature is to be miintdined aFlhe nor mal 
levd then metaholic__heat productinti must be increased— The 
egu ronmental temperature at Nshic h suppression of heat loss fwm 
lj ^od> becomes insumcientmbg n ^g the 
ture m the resting and tasuiig ammai anfr~’ii v ln. h n..- 


Tnciaboiism must, therefore, be increase 



on a b are maimenance d'c t “ " than those existm 

£=s'|: S - ,2- 

Trmprralure of Co„ih,d, . 

nmental temperatur 
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■of dairy cowhouses during winter for milk production. Douglas (1911),* 
in summarizing the results of these experiments, has pointed out that 
-the production of milk can be carried on at least as profitably in 
cowhouses which are ventilated so that the enviroTiTnentnl 
kept down to 50°F. as in tliose where it is m aintained ten d ecrees higher 
by restricBn g the inflow of air to the buildings. In this author’s 
opinion, a limkaiion m ventilating emciency suthcient to raise, and to 
maintain, the indoor temperature at 60°F. leads to a state of atmos- 
pheric impurity inconsistent with the requirements for perfect health. 
He also believes that any waste of food which may be entailed in the 
maintenance of body heat of cows kept in cowsheds with lower 
■environmental temperatures is more than balanced by the improved 
health resulting from the better air conditions. 

According to Kjng(1908),t the optimum environmental temperature 
Tor cattle kept on a high plane of nutrition lies between 45'‘F. and 
50°F ., but that with animals on a maintenance diet a higher tempera- 
t ure than this is desirable, viz, one between 5S°F. and 65°F.. because 
animals fed .at maintenance level are consuming much less food and 
■ do not , therefore, receive the benefit' of any extra metabolic heat arising 
from the chemical transformation of this bare sufficiency of food. 

For dairy cows having large udders only scantily covered with 
hair, and through which much blood must flow in the process of milk 
ibrmation, Armsby and Kriss (1921)+ consider that a temperature as 
high as from 50°F. to dO^F. is probably the best, even with high 
feeding. 

A more recent report by American workers § indicates that winter 
,-mvghpd fi-mperatiires .as low as 45°F. do not significantly lower milk 
production ; it is confirmed bv the workers in question tJiat the 
op timum house temnerature for dairy cattle is about S0°F. 

— t'rom the data submitted by various authors, and briefly cited 
.abovc.’it ii apparent that, although there is a slight lack of agreement 
in regard to precise optimal temperature requirements, the generally 
accepted view is tliat the conservation of environmental ivarmth in 
animal habitations should not be obtained by the restriction of 
ventUation to such a degree that the air becomes vitiated. There also 
•seems to be general agreement tliat the possible higher feeding costs 
arising from the housing of livestock in ivell-ventilatcd, but cool, 
"buildings, arc more than compensated by the improved health and 

•DoubIm<I911). Tranr. Higlimil^t.Soc..Scolhnd, 23.170. 

•t King (ISOS), yrinthtian far Dw/MeJ. Kmol SdtooU md Stables. Madison, 
UJ5.A. 

iAm^by and Kriis (1921). Op. tit. 

§ Kelley & (JW7). U.S, Dtp/. AgrL Tteh. Hull.. No. 591. 
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comfort of the animals As far as climatic conditions in Great* 
Bntam are concerned, it seems now to be veil established that for 
adequately fed cattle, and also for horses, the need for “warm” 
buildings in winter is neither newssary nor desirable The optimum 
cnsironmental teraperture for both these species when housed dunng^ 
the Vinter should be cool rather than warm, but at the same time the 
temperature should not be so low as to cause a wasteful consumption, 
of food in order to secure the added heat production resulting 
therefrom for the maintenance of body temperature A similar view 
IS expressed by Spcirs’* vho states that any saving of food costs by 
keeping the animals m a wanner environment is equalled, if not 


exceeded, by a belter utilisation of the food when they haxe plenty 
of fresh air, but of a lover temperature As a result of observations 
carried out m Scotland, this author considers that it should be 
impossible to keep the environmental temperature m any cowhouse 
at from 60 F to 63®F dunng the ordinary wmter veather m that 
country vithout causing excessive pollution of the mdoor air He 
recommends that cov-sheds be kept cool in the autumn and eadyr 
winter by unrestnaed tentilation, so that the animals wiU retain then- 
winter coats and thus wiU be m a better condition to withstand the 
colder temperatures as the winter adtances 

, b’?'ir“‘T' P^«ical eapenence m the mterval 

which has elapsed since the early experiments sponsored by the 
Hiehland and Agncultural Soaety of Scotland, confirms^ that 
Ihroughml Bnlam generally an enTirnnweni„l 


Temperature of Stabler. It is no more . . 

temperature m stables 

W rugs i-Sm Si Troli the 

Hsga^ffood GiieiuiSeconditionrSs^^-^^^^5^^ 

may _be ignored, howeser low n r.,,’ — of a stab 
vhich mean5th*r7v;:rT::::r?rrTT — . 


•' iiwvisotT low It mnv r-elt ■■ • 

^ Wmeans the tree arculatinr. »r ^oid ^-^S neted xentilat ip 

house, wijlnotramcharra to the ammals “ '^iblc or co 

pjoyid niThej are suilabH koih -H inil '& ™j°o^lv-e hppedhorsi 
cold a.i eiucnng tne building m ’’^'hey be not expos 

draught 0-1 any part of ihcir bodies 'ouse a din 


TemperatartofInrloo,P,ggrn„ 

“ The optimal thermal conditic 

•SreirsdOTx Tran, „„ ^ 

. Scattand 21 , 255 ^ 
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under whicli pigs should be housed in indoor piggeries are markedly 
different from those suitable for horses and cattle, which are provided 
with comparatively luxuriant coats of hair. The pig, being on ly 
sparsely covered with bristle, possesses no adequate external means 
for the suppression of heat loss from the body surface when the a ninuJ 
IS subjected to cold environmental conditions. This fact partly 
accounts for the detrimental effects observed in pigs which result from 
exposure of these animals to lowered atmospheric temperatures, and 
especially to sudden variations in temperatirre, such as occur in the 
temperate zones of the world during winter. Further, since the 
critical temperature of the pig lies between 68°F. and 73°F., it follows 
that the raising of fattening pigs may be carried on with the greatest 
economy in feeding costs when environmental temperatures are some- 
what above the minimum of this temperature range. 

The maintenance of an environmental temperature in the region 
of 7Q°F.. or higher, in pig house': _diiring winter presents certain 
difficulties , which so far have not found an effective solution under 
British conditions. As has already been noted, it is possible to increase 
the temperature in animal buildings by restricting the ventilation, but 
the consequent bad effects make the adoption of this method clearly 
imdesirable. The alternative seems, therefore, to be the provision of 
some system of artificial heating, e.g. by hot water pipes, fuel stoves, 
electrical or other heating devices. 

The unsatisfactory results which many of the “Scandinavian” type 
pig-houses have given in Great Britain, arc to a large degree attribut- 
able to the inadequate attention which has been given in their 
construction to the related problems of ventilation and warmth. Some 
of the probable causes of failure have been (i.) the use of unlincd 
galvanised iron for outside walls and roofs; (ii.) incorrect types, and 
wrong placing, of ventilators, giving rise to cold and draughts; (ii/.) 
poorly designed ventilating systems, leading to high humidity and 
excessive condensation in the buildings; and (iV.) failure to provide 
insulation beneath concrete floors in the sleeping compartment. A 
description of tlie constructional details of this type of pig-house will 
bo found on p. 257. Here it may be noted that one of the essentials 
of this form of house is provision for carefully controlled temperature, 
air circulation and atmospheric humidity. In this pig-house as erected 
in the Scandinavian countries, the entire part occupied by pigs is roofed 
over with a loft, which serves the dual purpose of a store for food and 
bedding and as an insulator against extremes of fcmpcralurc. In most 
rccions of Great Britain a loft is probably unnecessary for the Litter 
purpose; satisfactory insulation will be secured if the house is prov ided 
ivitti a ceiling of spaced boarding, which will ensure proper air circu- 
_vir to - 1 . - . » 
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lation m normal v. eather, and which can be straw ed o\er above in se\ ere 
weather to gi\e additional warmth In the true Scandinavian hotise, 
too, air inflow and extraction are exactly controlled by special ducts, 
and in really cold weather the air is warmed by admission through 
the jackets of special hot air stoxes These precautions are probably 
unnecessary m the milder climate of southern England, but sirmlar 
devices might probably be adopted with advantage elsewhere in Great 
Britain during the wmter months Practical evidence from Scandinavia 
and elsewhere mdicales that the cost of heating pig-houses is more 
than balanced by the saving m food costs and better health of the 
psgs 

ATMOSPHERIC HUMIDITY IN ANIMAL BUILDINGS 

Such sta n dards as have been laid down for atmospheric humidity in 
animal buildmgs are quite arbitrary Several 
a relame hmniditv of 70°Z at .-in’F but Fmdlay« m his recent work 
on the tcmilation of cattle bjTcs states that "it is impossible to con- 
trol the relative humidity m a byre or to suggest any attainable 
mnumuin for it, but if the ventilation is such that the CO. does not 
exceed p parts per 10,000 and the coolmg power does not exceed 7 
™ts, the relatwe humidity ,s never hkely to he so high as to cause 
discomfort to the cows or damage to the fitmenu of the byre ” 

As far as the efflcicncy of the ventilatmg system is concerned, it 
may reasonably he held that the hllty™ anv “Xttt! 

Cental effects of inadequatb ventilation 

anting frL“^e Crgo™“„S“^ ■*«" effects 

referable to the combined effects of hiah bmldings arc 

and humidity, which lead to the restiSme 

body The most extreme mstance of heitT,- ^ ‘ 

resulung from these eauses „ sre„".„ “ the body 

the body temperature iii a 7 nse m a ,^11 ^trokr ” diinng w hich 
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the air is too cold, but that costs kept too svorm, and in an atmosphere 
holding too much moisture, arc especially susceptible to the chilling 
effect of fresh, cold air. 

Reference has already been made to the difficulties associated uith 
the special problem of mamlammg suitable temperatures in large pig- 
houses without restricting \entilation These difficulties arc well illus- 
trated in a careful report by Shanks,* dcalmg with the causes of high 
mortality and morbidity amongst pigs in Northern IrcLand This 
worker is of the opinion that the atmospheric temperature of indoor 
pig-houses should be in the region of SO^F The following quotation 
from Shanks' report gives an excellent outline of the problems con- 
nected with the ventilation and heating of indoor piggeries 


“When no outside run is prosidcd so that pigs have to void ihcir excreta 
inside the building, a temperature of SCTF would result in a vcr> foetid and 
moist atmosphere Inside dnnlung bowls would add to the moisture content 
inside the house, which would be increased still further should wet feeding be 
practised 

In order to obtain a reasonably pure atmosphere in large piggcnes with- 
out outside runs it is necessary to make a compromise between the temper, 
ature of the house and the eoniamination of the atmosphere with evaporation 
from the manure and unne Numerous temperature recordings taken in such 
housM Cunng the ceUer moth, of the >ear hive shoivn lempcnlunM as low 
as frcemig poiat and with an average about 55T On the other hand, 
in one particular piggery where aB means of vcnlilalion were closed m order to 
raise the temperature to between 76* and 80’F \hr ° ^ . 4 

and fuU of ammonia that it brought tears to the on entcLg. UndeVl^h^th^ 
conditions the animals were far from healthy In both caR« ^ ^ ^ 

wem prevalent In the cold home, ihe pip werrrestl^er 
together for warmth and they were dow m Aliening Tad bf ‘" or 
not uncommon m such house. In ihe warm sluBy hou^^m ® 
mom unhealthy Pneumonia was very prevalent and „ ^ 
pigs thnved very badly ’ coughing incessant The 

Our object was to provide the pigs with a w„,« a v 
the smell ot escreta. To that end each double ne^ ' 
oil from the other houses , yards were piovS 7“ partitioned 

oscreta was voided in Ihe yards and dnnk... IT "> >bal all 

house to prevent the Boot inside the home rtontWvL''a'" 

In order to allow the pigs free access to the yard. 

swing doors wen: piovided, and as an „na ‘’'uugl'ts, 

wall 311 6in, high was built inside Ihe house nnw, a concrete baffle 

heat dill further an air space was left nnderX n ‘R' 

provided with an air space Temperature recn Eoof was also 

or etrceptionally heavy frost showeTrj^ "’='1' tlunng one week 

oenod th*” ^ house morning and mght for n™ ^^aainer readings were 
PThod .he manmum lemperatam retorts «« and during .hat 

•““^,1- L.0942) VetRee 54 2332,3 c.. 

1 ^. lYlnghsandRobensondSsl)’ 1 “’y ^ “7° ' ^uney o/P,jr fl-ens- 

V t.xp Agrle 19, 202 215 
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There were no sudden changes in temperature, the greatest day or night variation 
being :2°F.” 

The tjpe of pig-house described by Shanks is stated to have been 
very satisfactory, and it is indicated that losses front ill-health and 
disease amongst the pigs were very markedly reduced. 

Apart from a lowering of resistance to disease brought about by 
continued exposure to high environmental temperature and humidity, 
there are other factors that favour the transmission of various possibly 
air-borne diseases (tuberculosis, various specific respiratory afiections, 
influenza, foot-and-mouth disease, swine fever, etc.) in badly ventilated 
buildings. In the presence of an infectious hazard of this kind, it is 
obvious that the concentration of infective material suspended in the 
air rvill be greater when there is little inflow of pure, clean air on the 
one hand and a low outflow of foul air on the other. Conversely, in 
a well-ventilated building which is dry and cool there is effective 
dilution of the foul air, which reduces its infective possibilities. 
Moreover, since warmth and humidity tend to prolong the viability of 
pathogenic bacteria while desiccation reduces their chances of survival, 
their degree of concentration is thus further enhanced in a warm and 


moist atmosphere. 

The optimum indoor conditions formaximum productivity in housed 
animals are complex, and involve such considerations as species and 
breed variation, disease, general management and nutrition, as well as 
• atmospheric factors. There is, however, ample evidence from a number 
of different sources that high environmental temperatures have a 
depressing effect on productive capacity. Thus -with dairy cattle it 
has been shoivn under experimental conditions that as the atmospheric 
temperature increased from 40°F. to 95^. the average milk production 
per head dropped from 29 to 17 pounds a day.* This bears out the 
' observations of various workers who have reported that pure-bred 


European cattle imported into the Tropics seldom attain their potential 
milk-producing capacity, even when kept on an adequate diet. At 
high tropical temperatures in Brazil, Rboadt found that European 
dairy cattle on balanced rations produced only about 56 per cent, of 
their apparent capacity. That high quality dairy cows of the European 
breeds produce best under relatively cool conditions is well illustrated 
in the results reported by Villcgast with Friesian cows in Singapore, 
which were kept in an air-conditioned shed at a temperature of 70'’F. 
Cows in this shed produced an average of 24 pounds of milk a day 
as compared with a production of 9 pounds for a similar group of 
"animals in an open, ventilated shed exposed to tropical temperatures. 

•Hcacan and Richardson (1938). J. Dairy Sdrncr, 21 , 73-79.. 

+Rho. 3 d (1925). Proc. Amcr.Sac. ArJm. Proit^ 2S, 212-214. 

^ I Vdlcgas (1939). Pttllpiac Afri., 27. 693-725, 
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Furthermore, it is stated that 58 per cent of the cows in the aircon- 
ditioned shed conceived within five months of calving as compared 
with only 25 per cent m the open shed It would, therefore, appear 
that high atmospheric temperature has a lowenng effect on reproductive 
as well as productive efficiency Dauhncy* on the basis of his own 
observations m Kenya and those of other investigators elsewhere 
concludes that European cattle can be raised without deterioration 
only m areas where the mean annual temperature does not exceed 
65°F and provided that the nutritional plane is adequate While 
not directly related to the problems of high temperature and ventila- 
tion in buildmgs, evidence of this kind does indicate the possible 
deleterious effects of keeping animals m unfavourable surroundings 


VENTILATION REQUIREMENTS 
The functions of ventilation in relation to occupied buildings may 
be enumerated as follows — 

(0 The removal of excessive moisture and warmlh 
00 suspended and diffused impurities 

Oii) Provision for a”certam degree of air movement 

Jhg accomplishm ent ol the precedinB by briiimiig ahn.if 
i nflow 01 ou K ide air eqyal m Ynliinir 1o tlif fmil r. .. 

^ 

In ti mes past, many persons. les non^ible . for il,. --nnrurtion of 
nm^ n o ises approached the s^bieg orvellaZo 

ingress of fresh-air into « p, ^ . 

prevMed in orde ;^flmM^Joor lemnerntm,r^ ‘.I 

^ ■nodem toew is to rega ri animal hoise, „ , 

If they connot be dispensed with o LgX 

to moke them as little •honse-like- alternative is 

mmd that what is TeHiur e d m housing is 

and facility in feeding and attcndine tif/ ^ f 

teterinary opmion favours a depa^rt fmlTrU 

practice of confmmg animals m ciTsrf builiZ , >™S-=s>ahlished 

spread adoption of the onen tvne or “ ? waia 

^ ^teeption of fattenmv n... 

stockowners vould certainly auue-ip « Rations of vetermanans and 
system animals remain h/allh^ tiB l™der the onen air, 

laatthesyslenrTTKdiliecno nr-^Mga ulturalists are satisfied 

Prnvmrme Slmdari, ofFtn, L SOTnd 

''-J2LijHnJound_24^''^^ ^ 

•Psufeej. dom 'r Y- linrjy^ — ^ hmld mes. 
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and as the air in an occupied building can never be as pure as thg 
outside air, it is necessary to form an opinion as to the degree of aif 
pollution tha t can be allowed without imp airing the health or comfort 
or the animals. ~ 

Whilst it is now known that the level of COa in occupied buildings, 
however inadequate the ventilation m ay beTis never likely to reach a 
concentration which is harmful or dangerous to animal life, the COo 
content may be used, wi th the reservations previously mentioned, as a 
comparatively easily determined index of the rate of air exchange 
between the interior and exterior of a building, i.e. of the mechanical 
efBciency of the ventilating system. 

Some of the earliest work in this connection was that of King* who, 
as a result of observations in North America recommended as a 
sta'ndard for the maximum permissible CO» content of the air in animal 
buildings 16.7 parts per 10,000. In King’s view the standard degree 
of purity for animat houses should not be lower than 96.7 %, i.e. the 
air in buildings should not contain more than 3.3% of air once 
breathed. On this basis he calculated the hourly requirements of fresh 
air for the different species. Armsby and Kriss, in the work already 
cited, accepted King’s figure for the flow per hour from the known COj 
excretion of each animal. Their figures, together with those of King, 
are shown in the table. 


Table modified from Armsby and Kriss showing Air Flow required 
per hour. 


Animal 

COj produced 
per hour 

Air Flow 
per hour 

Air Flow per hour 
according to King 


Cubic Feet. 

Cubic Feet. 

Cubic Feet. 

Cow* . 

5.8 

3452 

3545 

Horse (small) 

3.9 

2307 

4303 

Pig (adult) . 

1.3 

767 

1394 


•Average for cows in railfc. 


Hendrick t and others investigated the condition of the air in a 
number of cowsheds in Aberdeenshire and found the average amount 
of CO. to be 25 parts per 10,000 but a higher degree of purity, 11 
parts per 10,000, was found in two exceptionally well-ventilated sheds. 
Findlay,:!! as a result of his recent work in Scotland, is of the opinion 

•King, F. H. (1906). Op.cil. 

'^Hendrick el aJ. Trans. High, and Agrtc. Soc. Scot.. 1909, 1911, 1913, 

^ ;f_FiDd!ay(194S). Op.cil, 



jace, or cubic capacity, in order 
that the air change can be effected ^Tthout causing the air movement 
jo be iinpl^sant , » g draughty to the animals It will be obvious that 
a large cubic space per animal, without any means of letting out the 
respired air and of admitting fresh air ould be useless, as it would 
onl> be a question of time before the air would become foul, the 
gnaller the air space the more rapidly w ould the air m the building 
bKome Joul tm the other nana, provision ior ihe free exchange 

for comfort It is 

b el i med that oil domcsl.c animals can stand the t o tal air m ^ h„, i ^ 
being changed at least li'e to ei^t times merv bmir«=.,.H .t , c 

edhet horses or pigs, can stand a mote frequent rate of change than 

Tew reliable mtestigations base been made mto this sublet 

“orlYfcLfspfaL*"^^^^ '■“’“>"”8 oPPro“ 


^^^Dairy cows 


Alt flow in cubic 
feel per hour 


Requisite Air 
space m 
cubic feet 


i^airy co^^•s 

rattmmg cattle 600-800 

«L? 4 000 ®^800 

Sows and Boars ^ ^ snn 

Dogs 250-500 

— 200 50-100 

^ beauK of the leslnctcd cut 
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Calculation of Cubic Air Capacity of Buildings. It has b een indi- 
cated in the preceding paragraphs that the cubic air space available to 
animals in buildings must be suflicient to allow of a satisfacto ry rate 
of air exchange m the indoor atmosniicre wiflimit thn rniislitinTi nf 
too dratiplity condition s. In estimating the effective caibic air sp ace 
of hiiilriinfs^'f is customary to omit from consideration any height 
above 16 feet from ground level. Above this limit the air is useless 
for respiratory purposes, and since this a ir may beco me cooled before 
reaching the outlets at the ridge, and thus tend to fall, too great an 
air space above the 16 feet level may lead to undesirable dow n- 
draught s. In calculating the cubic capacity of a building, therefofe, 
include on the height up to, but not beyond, 16 feet. The cubic 
air capacity of the usual type of ridge building used for the housing 
of animals is obtained by multiplying lengtli X span (breadth) x 
average height; (i.e. height from floor to a point mid-way between 
caves and ridge). 

If extreme accuracy is wanted in calculating the cubic air space 
of buildings, the amount of space occupied by the animals themselves 
may be taken into account. From the total air space of a building 
arrived at from its dimensions, there must then be subtracted the 
amount of air space occupied by the animals present. The following 
are the volumes per head usually quoted for the various domesticated 
animals ; heavy draught horse, 30 cu. ft. : larger breeds of dairy cow, 
25 cu. ft. : and Channel Island breeds, 20 cu. ft. ; and about 8-10 
cu. ft. for each adult pig. 

F/aor Space. It ma y be taken that a good working rule for mos t 
animal houses is to construct buildings so that the number of superfical 
feet i fl the floor is not less than one-fourteenth to one-fifteenth of th e 
total number of cubic feet of air .sp.ace in t he building. For examrie, 
in a cow.shed with 800 cubic feet of ait space per animal, an effective 
lifichf (if 1 6 feet will give a floor area per cow of SO sq. It., which 
iFHBouttEe minimum usually recommended for a single-range co w- 
house j(45 sq. ft. per cow in a double-range house). 

THE MECHANICS OF AIR FLOW AND VENTILATION 

Ventilation implies the methodical and uninterrupted exchange of 
fresir aiTfor foul air, so that at no time does atmospiienc pollution, 
-i;i ~;fbSndi n g exceed n civen standard^ _ Ventilation in the correct sense, 
TTtvins a continuous, n ot an intermittent, proce s s . 

or artificial m eans may he cmnloyetUo. ventilate 
n„;nr;ii:;r'thrfonner being almost always adopted for animaj habita- 
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tions In the nat u ral method, advantage is take n of the physical 
laViS that govern gas dilltision and moveme nt of air, and although 
various contri\ances may be used to facilitate the air ex change, the 
adoption of such devices aoes not consUtute a mechanical or artllicial 
system. An artifi cial met hod of \entilation is one in which mechanical 
power IS used to force air into, or draw air out of, a building A 
similar effect is also obtained by the mstallat on of artificial heating in 
a buildmg 


Nalural Ventilation. The tap chief natural meam hv which the air is 
kept pme_aad healthy are (i) motement of mas ses of air ofiinemial 
rem peraffire, an d (ii) diffusion of ca ses of diffS^ t — TFIT 

^dmg the CO, . aTid CH , (methan^ exacted bv animals heenme 
through theatmo3jiere,^n^h„, do not cencentrate aro.i.d 

thw source of pro dj atio n. The natarafdlffiliiB hol' gases is therefore 
an important aid toward ventilation by ensuring a certa rMitom tv 
in the composition of the air in a buildma Chem.e^ " ^ 

of the air in stah.cs and byres have shZ ,\au“ ^ 

'“"pLTaS ■“ of build “gf ' 

feiildnrgmybecSerM^odl f^S^I^ ^ 

. ..^^^ag iPPonthe motenients of vol 
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solely depend gnt IiDon .the d egree to which the inside air is heated. 
Wind acting from the outside is a most powerful ventilating force, 
and its action is two-fo ld. It drives fresh air into a building through 
any available opening, mixes with and dilutes the vitiated air and forces 
It on and ont ttoousd onenings on the other, or lee, side This k f nllprf 
the perflating acti on of the wind. The second power, and one of great 
importance, is the aspirating effect which is set tip when wind passes 
across or through any opening. If wind passes in at one window and 
out at another on the opposite side, it draws air from all points as 
it passes. Similarly, when it blows across openings in the roof it 
aspirates air out of the building and so sets up other currents which 
flow in to fill the space formerly occupied by that which has escaped. 
As the external atmosphere is very rarely still in this country, there 
is nearly always a certain movement of air into and from a building 
due to the action of the wind. A condition of absolute calm, however, 
does not necessarily imply that no air exchange will take place. So 
long ns the temperature in a building is higher than that outside there 
will be a constant outflow of hot air and an inward flow of cool air, 
though at a slower rate than would be the case if wind were present. 

From what has been said, it will be clear that every system of 
ventilation must include (i) provision for the escape of foul air mid 
(ii) provision for the inlet of fresh air. (But cf. Findlay (1948), op. cit.) 

Size of Air Inlels and Oallcts. Wind blowing at the rate of three 
milss per hour, which is practically a calm, mill introduce into a 
buildi ng 110 cubic feet of air per hour for every square inch of inlet . 
Very rarely does the movement of air remain at such a low speed for 
any length of time, as the average velocity of the wind in this country 
is approximately 15 miles per hour. Provision for the inlet and 
outlet of air should be such as will permit satisfactory ventilation 
when the wind is scarcely perceptible. If, therefore, facilities for 
air exchange are to be provided on this basis the inlet and outlet 
areas for the different animals should be as follows : — 

Inlet and outlet Area required per Head with ll'ind at 3 m.p.h. 

•Cubic feet of Inlet and outlet area 

Air per hour in square inches 

4000 36 

4000 36 

250-700 2.5-6 

■ 200 1.8 


Cows 

Horses 

Pigs 

Dogs 


See table, past 136. 







I 




passing tnrou 


at three m.p.h., that is, 110 cubic feet. But the wind force is 


usually much greater than this, and if the maximum inlet area 


required were to be in the form of a number of permanent openings 


sucn, tor example, as gram pipes passing through the wall, which 
ira common method of ventilating cowsheds in Scotland, an excessive 
quantity of cold air would enter the building on windy days. In 
fact where such large uncontrollable openings exist they are usually 


to be found stuffed with straw. It is advisable therefore, to have 


a propo rtion of the inlet area m all 

opening s, and the remainder controllable so that they can 
be opened or shut as the need arises. For obvious reasons it is not 
wise to have all the inlets capable of being closed. The ventilation 
of any animal building would probably be satisfactory if the fixed 
inlet area were one-fifth of the maximum required, this being based 
on an average wind force of fifteen m.p.h. For example, in the case 
of a cow or a horse the maximum inlet area required per head is 


xed inlet area would be 






ive an inlet area of 7.Q6 sonare inches: n 




pair of ho rses or pair of cows. Th is Iciavcs approximatel y twenty- 
nine square inches to be provided b 


window s. A window two feet long and opening four inclics would 
give an inlet area of ninety-six square inches; therefore two windows 
in the wall (each of these dimensions) would be sufficient for seven 
cows, or six windows in the wall for every ten pairs of cotvs. 


Inlet Ventilators. There a re various forms of i nl et ventilator, o f 
which the following are the cliiel types : — Wail Kindows, direct inlet 
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falling behind the animals Hopper windovs should be adiustable 
so that they can be partly closed when necessary A good window for 
is one_on~tHe hopper pnnciple that ^vitl lifFright i?rt_Q£li>tp 
frame wor k, thus leaMng a clear open space on hot days If wal l 
windows form the only \entilalmR means m a stab le it must be 
y membered that only t hose on the windv/ard side will art i-nlets^ 
tfienjhc mimmum \emiiating a rea of each window fnr parh nr 
c ow mu st_b_e. dp ubled This, of course, applies to all forms of 
ventilator s ~ — — 

Horizontally centre p itted windows fFig nre <;afi.:rnrt nrv 
m sheltered parts of a buildi ng, but are not so useful as the hop per 





Tic 13 — V l)f* B rif< ferm 
It; % direct ttr ialeL 



Fio 36 —A Bent P pe A r Intel ta 
tl. ..r » a up 

•»«» An tlterettiTe naliod 
w 19 bend lie p pe doereirsrd* 
oo tie wuide of tie buildme 
*» sicrwi, bj lie broken I nes 



Direct Inlet Pipe, and Boxes. Very sm 1 

Baytd at an wall fPn.u 5C1 

:r' — ~ — ihev — *-si£.periorated_bn^s, 
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face area. When th e bricks have been in place for any lenfith of lime 
they get partly blocked with dust and cobweb s. One type of brick 
I S constructed so that the incoming air is given an impivard tren d. 
Another type has the holes on the outside of the buiidinR smaller tha n 
those h^de, so tha£as the air enters its forre ii rffl ijpefl 

Metal Gratings. A simple metal grating, fitted flush with the outside 
face of wall, forms a -good and efficient tvne of nir .-nlet. Th e 
boundaries of tlie recess in the wall behinh the yratlnjr h e 

smooth rendered in cement and sloped or hevelted gr, ng to Tpg g 




7 

O □ D D □ 


□ □ D □ □ 


DODOD 


□ □ □ O □ 




FlO. 37.— A Box Air Inlet filled ' 
with a grating on the oataide 
and a Teguftitiiig raUe on ibe 
maide. The iveoming air W 
directed upwards. 


ELEVATION 
Fio. 33— One of grating. 

/./ c-r ') m ‘ s 5 lornc/oit' 
fhf 0-* -iej* P-* 


■tu.l3fl 


lodgment for dust. These metal gratings are obtainable in standard 
sizes of from 12 to 18 sq. in. (Fig. 38). 

Sometimes a second grating is fitted flush with the inside wall face, 
but this is unnecessary and is imdesirable because the space between 
the two gratings cannot be cleaned out easily. 

An inlet grating fitted with an adjustable or “hit-and-miss” device 
for regvdating the flow of air is available. 


Outlet Ventila tors. For reasons already described these should 
be placed wher e pos sible at the highest point of the building, i.e . 
the roof apex! Satisfactory outlet venti lation may be se cured by th e 
lollowmg means : contuuiotts oneniitn in the rid net adiustable rids e 
opening; ridge tiles; and louvre ventiiatore . 




Continuous Ridge Opening. One of. the best forms of outlet for cow-. 
sheds in an open ridge the fiill length o f the bu ildlhg. By th is pro- ^ 
vi sion, the escape of the warmed air. risin m-umua rdsTis liaslened by . 
the* aspirating influence of anFu^d passing over the roof ridge. The 





onl> possible m buildmgs 


dcscTjbedhasbecn found to 


be both cheap andefiicien t 
Fig 39 -A Doable Co%-5hed witha pemta Forbyresthe ssidth of open 
nentl> open ndg* for the escape of foul ridge must be calculated in 

air The air inlets are drain p pcs set — - ; , , 

atnght angles to the wall just abose the accordance mthth e prOM 
COW'S heads sions laid down on page 1 39 , 

4 to 6 inches will usually be found sausfactory f or these buildings 

Adjustable Ridge Opening An improNcm ent on a permanen tly 
especially for a Building m an ex posed position, is the 
meiuoa sometimes KnoviTt as 


byres sta 




* ^ 

“f 'ratihto,. When" bo 

UistaL ’ “nslmcuon^TC w me ndge are ope 

»W~5ikmg on t 
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weather side is directed upwards, passes across the opening and, by pro-» 
ducing an aspirating effect, assists the heated and foul air to escap e. 
The roof timbers that are exposed to the open are protected from the 
weather by covering them with zinc or bitumastio sheeting. If so, 
desired, .the sashes can be divided into two or more sections and the 
two sides of the building be made to operate independently. 



Fio. 42. — Three types of rirccto7 Bldge VenUlators. 
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Ridse Titles, As a simple means of outlet ventilation, one in eve ry 
two or three ndge til^ is o ften “horsed^’ or r^sedr or turned at 
right angies7 This method wiil omy dc eiicctivc provide^d the boarding 
in the roof does not check the outward escape of air. Specially 
designed ridge tiles for use with most of the common roofing materials 
are available. 


rmclay Ridge Outlets. These arc common on old-fashioned and 
<mmaniLasw lmt badly designed byres and stables . ' 1 hey lakea Torm 
similar to the ordmarv lireclay 1' chironey-can uT s liom in Fiaiire~47. 

'meiarealmosUiseless-becamc.oLlhcuLSmaU-outlet area. 

A series of 4- J nch drain . ja pes placed at inlervak along the roof 
apex provided a simple and r"*" ans of oiitlctVCTt ilatioiv 
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-prevent down-draught and accentuate the aspirating action in the duct 
•or shaft which they surmount. 


•Outlet Shafts. Outlet shafts are often 

- ings and inay be circular or rectangular 
the better, and more effective and economical. 


.struction may be zmc, galvamsed or black iron. The combin 



on the lee side solely as outlets, thus producing a cross ventilation. 


Tn f'rai-r to get a satisfactory air exchange, windows of a larger sire 
than those ordinarily used in the open ridge type of building must be 
installed. • The installation of outlet shafts as above described should 


- Kino Systum.* This method, evolved by F. H. King in ISS9, is used to 
a considerable extent in North America, •where the severity of the winter 

••77»e Sysfemo/ Ventllathn, Univ. IViscon, Agrlc. Exp. Station BuU., 164, 1903. 
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climate has favoured the single comprehensive type of farm building, or 
•bam,’ provided wth two or three stones (See Fig 46) The outlet venti~ 
lating system consists of two sets of flues one of which provides the fresh 
au-, while the other furnishes an escape for the vitiated air The following- 
instructions are taken from the official bulletin —The inlet or fresh air flues 
should be placed in the exterior walls of the building and not more than 
10 feet apart, the greater the number the more effective the ventilatmti, 
since they enable the fresh air to displace the foul air more rapidly The 
cmtlct may include one or more flues but should be located so as to provide 
^e quickest means of removmg the foul air The outlet shaft is earned 
do™ 10 near the Soor The objects of placing the intake of the extraction 
nnAth ^ St'ot as foUo», -(I) To remove the CO, 

Md other «,Me pr^ncts of resp, ration »h,ch settle near the floor (2) To 
dnpose of the cold air in winter weather rather than the wamt The coldest 
an ra a room IS at the floor aod the wannest at the eeihng. FmhTn i 



tl.’" ’""fl VXm of rentiUto,- v 

. t . Station BoUetm in 4 V 

taken in through small flues placed at interval. 

bc’hiri^ tttitside opening is pjaeg^ ^ shosvtt in 

ta, ,h “ <! fonnd neeess;^ I.T Ef'nn'd l,„e, but maj 

■» k«iV'’arnsrL'’'’""''- 

ceilne and itt-«v v- ®P^ng of the m iaVp ® warm air flowmg 

pawmg in tL^ shutter m 

noflUtm. flue Should 

food chimae. It should 
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■rise above the liighest part of the roof, so as to receive the full force of 
the wind. Where only one flue is used it should be placed as near the 
<entrB of the building as possible. Doors and windows must fit well. Foul 
air flues should be air-tight and non-conductors of heat and cold. The lower 
-opening should be about 1 foot above the floor level, and with as few bends 
as possible pass up to a height of at least 25 feet, and should always be 
2 or 3 feet above the ridge of the roof or of any adjoining roof. 

The King system of ventilation is unnecessary with the temperate climate of 
<jreat Britain. 

Mechanical Ventilation. Mechanical ventilation is adopted where for 
some reason a purely natural method is in itself either inefficient or 
impracticable. There are two methods : — (1) the plemim method 
■whereby hot or cold air is forced into a building through ducts by 
means either of a propeller or cased fan driven by motive power; (2) 
the vacuum or extraction method whereby air is suohed nut of n 
■SuTlding by a fan. The extraction method has been foimd to be more 
efficienTTinder ■varying conditions than has the plenum system. 
Mechanical ventilation is used in mines and in ships carrying livestock . 
It is impos sible to ventilate the holds of shins in wh ich livestock are 
caffiS Twithout adopting some mecltanical method of drawing out Th e 
foTilUlf" and admitting fresh air. This is eficcted by placing an elec- 
■trically-driven intake fan at one end of the hold and an exhaust fan 
at the other end. No general rule can be laid down regarding the size 
of fan to be installed. A detailed analysis of the circuit through which 
the desired air current has to be maintained requires to be made in each 
-particular case. It is important to note that a system will break down 
if doonvays, etc., 5re left open, particularly near the exhaust fan. 

A well-designed mechanical ventilating system, if properly looked after, 
is very efficient and is found to work excellently on cattle boats, 
intensive poultry house, etc. 

INVESTIGATION OF THE CONDITION OF THE ATMOSPHERE 
IN ANIMAL BUILDINGS 

Any inquiry into tlie condition of the atmosphere within animal 
buildings, made for the purpose of assessing tlie eIBciency of the 
ventilating system should, as far as possible, be conducted during 
average weather conditions, and always after ’the particular building 
under investigation has been fully occupied for some hours. 

An impression of the atmospheric condition obtaining within a 
building as compared with that of the outdoor air is sometimes 
readily available to an observer on first entering the building. For 
example, the presence of charactcjistic animal odours will be easily 
noticeable, as will also be any marked dilTcrcnces between the outdoor 
and indoor temperatures. It may also be noted whether tlie indoor 
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atmospliere coirve>s a sense of humidity and oppre$si\eness on th^ 
one hand, or whether of Telati\e dryness and freshness on the other. 
Objective evidence of excessive humidity in the form of condensation 
ina> be looked for on the walls, on window panes, and on any metal 
work forming part of the mtenor of buildings or of its fittings The 
presence of such moisture m the air of buildincs, howeser, is not in 
Itself a reliable indication of the ventilation when the outside air is. 
abo heavily charged with moisture If on the other hand the' 
atmosphere inside a building « very humid on a coo! dry dav, them 
It may be assumed that the v entilation is faulty 

milst useful preliminary information about the stale of the 
*>= S.ven by evidence of 

environmental conditions on the comfort and of 

are concerned. Anart TrZ .n. f prodnetmty of livestock 
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themfore, nrgently necessary 1^^^^^ “'«'gational vork is, 
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this coimcetion it is of mteicst to note . 1 ,. .Z conditions In 
at b> the Conumttee on Farm Buildinf«*^^^ conclusion arrived 
reliable evidence is specie™ - '^1= factors on vhich 

temperature and floor temperature on h ™ 'nfluence of air 
control of humiditj m pig and other stock t comfort: 
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*Sce Farm Post War 5 ^ 'entilation in 
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any particular building may be obtained from the measurement of 
the environmental varmth existing within that building. In order' 
to obtain as complete as possible an assessment of environmental 
warmth, four separate thermal factors— the temperature, humidity 
and rate of movement of the air, and radiation from the surroundings 
— must be taken into account. A short account of the instruments 
and methods which are used for measuring each of these factors is 
given below.* 

Air Temjperatiire, The temperature of the air is commonly measured 
by means of tlte mercury-in-glass thermometer. When a record of the 
extremes of the temperature change during a given period is required, 
a maximum and minimum thermometer must be used. In animal 
habitations the thermometer should be hung clear of the animals’ ex- 
halations, and also not in the direct flow of air entering a building. 

Atmospheric Humidity. The most satisfactory method of measuring 
the humidity of the air in a given situation is by means of the whirling 
hygrometer, and’ then from the observed temperatures of the' wet- and 
dry-bulbs to read off the humidity from suitable tables. The dry-bulb 
thermometer gives the air temperature, and unless the air is completely 
saturated ivith water vapour the wet-bulb instrument registers below 
air temperature. The drier the air. the more rapidly is water evapora- 
ted from the wet-bulb, and the more is that bulb cooled. Hence, 
at any given air temperature the diflerence between the dry- and wet- 
bulb temperatures increases as the humidity of the air diminishes. 

The Whirling Hygrometer (or sling psychrometer) is now regarded 
as a more accurate instrument than hygrometers of the Mason 
type, in which tlie wet-bulb temperature is recorded in relatively 
stagnant air. For accurate results the air must be moved rapidly over 
the thermometer bulbs, and with the whirling hygrometer this con- 
dition can be fulfilled. This instrument consists of a pair of thermo- 
meters mounted in a frame wliich is provided with a handle (Fig. 47). 

By rotating the instrument about the handle, like a rattle, the thermo- 
meters can be whirled rapidly so that their bulbs pass through the air 
at'a considerable velocity. The bulb of one of the thermometers is 
covered with thin muslin, and this is kept wet by the wick leading to 
the reservoir containing distilled water. Rapid whirling immediately 
before the thermometers are read is essential. The air velocity, or the 

♦For a more complejc description of these instruments and their use see 
M.R.C. War Memorandum No. 17, Emironmental JVamth and its Measurement 
by t! Bedford. H.M.S.O. London : 1946. 
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■velocity of tKe bulb of the whirled thermometer relative to the air, 
should be of the order of 600 ft. per minute. 

■ The data and tables used in connection with Mason’s wet and dry 
bulb thermometer have been computed for relatively still air, and they 
must not be used with the sling psychrometer. Separate psyclmometric 
tables are available for use with the latter instrument. (Psychrametric 
Tables for obtaining the Vapour Pressure, Relative Humidity, and 
Temperature of the Dew Point, by C. F. Marvin ; Weather Bureau, 
U. S. Department of Commerce.) 

In making an observation using the whirling hygrometer first see 
that the muslin covering the wet bulb is thoroughly wet. The instru- 
ment is then whirled as rapidly as possible for about 30 seconds, 
stopped, and the wet-bulb read immediately. Repeat whirling until 
two successive readings of the wet-buib temperature agree very closely, 
thus showing that the minimum temperature of the wet-bulb has been 
.reached. This reading is recorded, as also is the dry-bulb temperature. 
It is very important that the wet-bulb temperature be read first, 
immediately after whirling has ceased, otherwise its temperature will 
tend to rise. The relative humidity of the air can be ascertained from 
the psychrometrio tables from a knowledge of the difference between 
the wet- and dry-bulb temperatures at any given air temperature. 

Air Velocity. Various instruments are utilised for measuring the 
speed of air movement in different types of situation. A convenient 
iastnunest for measuring the velocity in tie air of a room nr building, 
for the assessment of the warmth of the environment, is the kata 
thermometer. 

The Kata Thermometer. The kata thermometer was devised by 
Sir Leonard Hill with the object of measuring the cooling power of 
the air and so providing an indication of heat loss from the body. 
This instrument in its original form was an alcohol thermometer with 
a large bulb (approx. 4 cm, long .and 2 cm, in diameter) of polished 
glass, the contained alcohol being coloured red, and having on the stem 
graduations at 95°F. and I00'’F, An improved .type designed for use 
in the presence of much radiant heat is the high temperature .silvered 
kata thermometer, which has the bulb coated with polished silver, and 
lias graduations on the stem "Hidicating either 125° and 130°F„ or 
445° and 150°F, From observations of the rale of heat loss from any 
of these instruments the “cooling power” of the air may be calculated, 
and from the cooling power and the temperature of the air, the speed 
• of air movement (or air velocity) can then be obtained, 

Tlie Kata thermometer is now used only for the measurement of 
nir velocities. Some years ago, the original type of kata tlicrmomctcr. 



154 


VETERINARY HYOIENE 


mth polished glass bulb and a coolrag range of 100'’-95°, was used as 
an mder of the warmth of the environment It was considered that the 
cooling power as measured by this instrument (the “dry lata coolmg 
power 0 gave a measure of the heat dissipation from the human body 
by radiation and convection, and that the physiological effects of cool 
■X'asurcd More recent work has 
frZ fern “d fot that reason the use 
iloctty - « now confined to the meosurcment of u.r 
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to the lower, i.e, from the 100“ mark to the 95® mark ; a stop watch should be used? 
for this purpose. Three to five readings should be taken. If the times cor- 
respond very closely, three readings are enough, but if they are variable five - 
should be taken. The average of these cooling times is then taken. To get a 
correct picture of the air velocity in a building, observations should be taken 
not only in different places, but at different levels, e.g, at the body level of 
animals, and at floor level where draught is most frequently encountered. 

The next step is to claculate the air velocity. For each separate instru- 
ment the manufacturer determines what is known as the kata factor. This 
factor preceded by the letter F., is etched on the stem of the thermometer, 
thus : — ^"F. 480’*. When the factor is divided by the average cooling time 
in seconds, the quotient gives the cooling power expressed in millicalories- 
per sq. cm. per second (1,000 millicalories— 1 gm. calorie). 

In the computation of results, much arithmetical work can be avoided by 
the use of special kata formulae or charts. Separate charts have been con- 
structed for the different cooling ranges of the various types of kata ther- 
mometer, and care must be taken to see that the appropriate chart is used; 
use of the wrong chart will cause serious error. 

The following readings were taken by the author (Linton) in winter in three 
badly-ventilated cowsheds on one farm, and, for the purpose of supplying a 
contrast, in two well-ventUatcd sheds, one of which was a modem building housing: 
tubercle-free cows for the production of Certified milk. The observations were - 
made during the aftembon when the outside temperature was 34.5® F. on the 
dry bulb and 32.5® F. on the wet bulb; the relative humidity was 80 per cent. 


Farm M?. 1. 

Cowshed 1. This building held 12 cons, each stall being occupied. The 
atmosphere was oppressive and stuffy and there was obviously an excessive- 
amount of moisture in the air as water was to be seen dripping from the 
walls and ironwork. 

Dry bulb 57.0® F. 

Wet bulb 56.0® F. 

Relative humidity ... 93.5 percent. 

Dry kata ... ... 7.66 4 feet 6 inches from the ground behind the- 

cows. 

7.66 2 inches from the ground behind the cows near 

a door. 

Cowshed 2 housed 11 cows, all the stalls being occupied. The atmosphere was - 
oppressive, but the doors fitted badly and the place was draughty at a low level. 

Dry bulb 54.5° F. 

Wet bulb 52.5® F. 

Relative humidity ... 86.7 percent. 

Dry kata 7-36 4 feet 6 inches from ground behind cows. 

10.22 2 inches above ground over manure channel* 

” *’ by the door. 

13.94 2 inches above ground in direct draught from • 

*’ the door and close to a cow’s udder. 


Cowshed 3 housed 19 cows, all the stalls being occupied. The atmosphere 
was very heavy and oppressive and there was a definite smell of ammonia^ 

Dry bulb 5S.5° F. 

Wet bulb 56.0" F. 

Kclaliv!! humidity 84.6 percent. 
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The beneficial mfincnce of natural d-t>IiElit on the health ami 
veil being of both man and animals is noa generally recognised In 
view of the natural growth promoting properties of the sun’s rats, 
eg m relation to the synthesis of vitamin D, it is of especial 
importance that all young animals should have access to an adequate 
amount of direct sunlight This latter fact still does not appear to be 

as widely known as It ought to be amongst dairy farmen. pig keepers 

and poultry rearers who, either through ignorance or tecausTTf 
otter reasons frequently keep their young stock in dark, damp and 
squalid premises It is not surprismg that under such conditions the 
morbidity and mortality ineidenee in these ammals is high. ’ 

In the human subject, the psycholocical env«*t nr j a t 
hghtmg may be very marked under certain cond natural 

It has been observed m factones that . for example, 

done by artificial light there is freqnendy a ^" 01 ?"^ 
compared with that under conSions of nlo 1 ^ ^ “ 
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cffOTs of light on domesticated 4mais are nnt'^ Psychological 
hght does indirectly mfiuence the ^ ’^“svn, but that 

behaviour inmost species seems to be now 

raample, it is now well established that there'^ ^ “ccepted For 
ship between the length and mtensity onVh, fiction- 
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of the sexual season m the ewe is a respomrioT"'*' 
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In laying hens, egg producUon can be ,en 
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to its -ultra-violet rays and partly to the dehydrating effects of its 
thermal rays on bacteria. Thus, tubercle bacilli when spread in a 
thin layer are destroyed in a few hours if exposed to the direct rays 
of the sun; pathogenic streptococci and staphylococci are killed even 
more readily than tubercle bacilli by sunlight. Ultra--violet rays, how- 
ever, have little penetrating power and do not pass through ordinary 
window-glass, so that the germicidal action of sunlight does not, for 
all practical purposes, operate in the ordinary type of “closed” 
animal habitation. In this connection, the importance of adequate 
lighting in animal buildings is that it facilitates cleanliness, on the 
principle that “dirt unseen is dirt left undisturbed.” Lighting thus 
becomes a material factor in the practice of hygiene, as well as a 
necessary provision in efficient management. As an aid to better 
lighting and cleanliness, the upper part of the walls and the ceiling 
in animal buildings should be white. 

Lighting of AnImal Buildings 

Natural Lighting. Animal habitations should be sited and designed 
with a view to obtaining the greatest possible amount of natural 
illumination. Generally speaking, the placing of animal buildings, 
such as double-range cowsheds and large piggeries, with their long 
axes in a north-south direction ensures the admission of the maximiun 
amount of sunlight during daytime. This orientation also provides 
that one end only of a building directly faces the northerly, and there- 
fore colder, aspect. In the case of a dairy cowshed, the milk room 
would be located at this northern end of the budding, in the coolest 
position and one which affords northerly light. 

The most efficient form of natural illumination is by means of 
some type of roof lighting. Good light in cowsheds is of particular 
importance in connection with milking operations, and as far as 
possible the light should be conenetrafed on the lundquarters of 
the cows. For those reasons, the most desirable method of natural 
lighting, especially in double-range, tail-to-tail cow houses, is from 
overhead. The disadvantages, such as “scorching” of the animals, 
sometimes associated with roof or ridge lights directly exposed to the 
sun’s rays may be eliminated by arranging cowsheds or other animal 
buildings so that the overhead lighting comes only from roof lights 
on the side facing north or cast, thereby eliminating or reducing the 
heating effects from the sun’s rays within the building. 

Overhead lighting can be pro-vided by fixed roof lights evenly 
spaced in the roof-slope or, as already mentioned in connection 
with outlet ventilators, by a system of combined lighting and ventila- 
tion in the ridge. 

— V.H. 12 
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zero reading m A , Imr e It like this for tvi o or three minutes If there 
IS no leakage past T, the mercury level m A will not fall 
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><0 The total cubic air space of the building =45x32x14 ■= 20,160 cub. ft. 

The effective cubie air space of an oceupied building ■= total cubie air 
espace less space occupied by bodies of the animals. 

= 20,I60-<25 X20). 

[25 cub. ft. is space occupied by cows of larger dairy breeds.] 

= 20,160—500. 

= 19,660 cub. ft. 



Tto 49 — D5iigramOT»l»e ffprfsentation ot »ho above 


"/(ii) Using the formula 

10,000X , . t- .. t 

Jc=‘4-f , where x is 5.8 cub. ft. of CO, per hour 

a 

,,10,000+5.8 

weget 16.7«4+ — j 

r i.e., a (or fresh air supply per head per hour)= 

Total fresh air supply to building with 20 cows=4567 x 20 cub. ft. 

total fresh air supply to bui/dfng 
s(i.0 No. ofturchanges perhour^— 

4567 X 20 . 

= ■ ^4 6 (approx.) 
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Wall lighting IS less effiaent than oscrhead lighting, and m a 
double range, tail to-tail cowshed some difficulty may be encountered 
in securing adequate illumination where it is most needed, / e at 
the hindquarters of the cows, when the former is the only rneans of 
admitting hght to the budding Windows should preferably face 
north or cast, so that strong sunlight docs not fall directly on the 
"mdow for all types of animal habitation 
IS undoubtedly Ae adjustable hopper type, which protides both light 
and ingress of frKh air Windows with metal frames hate a higher 
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new and existing premises that adequate lighting provision is made in 
the buildings and where necessary in the farmyard approaches. The 
number and size of lamps should be arranged to provide good 
illumination over all working areas ; for example, in a single-range 
cowshed for twelve cows, two lights on the wall along the feeding- 
passage and at least three lights on the wall behind the cows are 
advisable. Bulkhead type fittings to take 60 or 100 watt lamps are 
suitable for wall mounting, and should be of waterproof pattern in 
cowsheds and dairies.” In a double-range building lights should be 
suspended over the central gangway, duorescent lighting in this 
position is very effective. It is also a great advantage in all types of 
animal house if portable lights, and plugs for these, are placed at 
■suitable places within the building. These greatly faci'itate veterinary 
operations such as the taking of blood samples, tuberculin testing, 
calving, etc. It must be emphasised that cheap electrical installations 
are liable to be dangerous ; farm electrification should only be under- 
taken by firms which specialise in this type of work. 

Coal-gas lighting gives excellent results so far as illumination 
is concerned, but since it warms the air and gives rise to undesirable 
by-products resulting from combustion, it is less satisfactory than 
electricity as a means of lighting animal habitations. The risk of fire 
is also greatly increased. 

If neither electricity nor coal-gas is available, acetylene gas, 
petrol gas or paraffin-oil lamps will have to be used. It is still the 
-practice in many rural areas for milking and other cowshed operations 
to be carried out by means of light provided by the old-fashioned 
hurricane lamp. The light emitted by these lamps must be regarded 
as unsatisfactory for the purposes of clean milk production. The 
paraffin-vapour type of lamp provides a more suitable means of illu- 
mination ; such lamps are reasonably safe, economical, and give a 
.brilliant light which is adequate for all purposes. 
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THE HOUSING OF ANIMALS 

This section forms a general introduction to the layout, design and 
construction of buildings, in so far as an understanding of these 
subjects is necessary for the inspection of, and reporting upon, animal 
habitations. JVork of this nature demands a general knowledge of 
building materials and their application in the construction of agri- 
cultural and other buildings for housing livestock, as well as the ability 
to interpret and criticise plans and drawings of existing or proposed 
new buildings. Unessential details have as far as possible been omitted, 
but the information given should help the reader to acquire the know- 
ledge required to prepare sketch plans and to make reports, and also to 
offer suggestions for the improvement of such buildings when this is 
deemed necessary. 

GENERAL PRINCIPLES AFFECTING THE DESIGN AND 
CONSTRUCTION OF BUILDINGS FOR HOUSING LIVESTOCK 

Farm buildings may be divided into tn-o general classes, vis. : those 
for the housin g of livest ock and.lliose.for thc3torage_offeeding-.stiiffs, 
impiements^etc. The former should be reasonably warm in winter a nd 
not subje ct to overheating in su mmer. They should never be l iabJejLo 
undereaa idden chances in tem perature.and.shonld. th erefore, be co n- 
stnicted_&om-inaterials which will fun ction as insu lation between 
out^oor_andjndppr temperaturejevels. The . mainten ance of_an_eyen 
temperature is les s import ant injbuildings..used for storage. but_such 
buildings__must_be_dry_and_tyeathetproof. It _is_desirab!e,_too_that 
storage buildings_should,be_ 50 undly constructed so that they ma‘Y be 
ad^ted, if necessary, for the housing of livestock. 

it is impossible to design an ideal set of buildings which would be 
equally suitable for livestock farming all over the country owing to 
th e difiering meth ada_Q f .a n i m aljhusbandry and-farm management 
whichJn_tum-are_goyernedJaLclimatic, _geographic and other con - 
ditions such as th e size of the farm, th e economic val u e of the land a nd 
intensity_pfjts_use,jmd_the design, conditio n and la yout of exist ing 
buildings. No matter where the buildings arc situated, however, the 
design should only be decided upon after full consideration of the 
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tequirements for establishing and maintaining good health, for pre- 
venting the spread of disease, for securing cleanliness, adequate light, 
ventilation and for obtaining economic working conditions. 

Generally speaking, it is undesirable and unsatisfactory to attempt 
to design buildings capable of being used by more than one kind of 
stock, but an exception to this is the provision of loose-boxes which 
can conveniently be used for the housing of almost any livestock and 
which are consequently an asset to any farm. 

Selection of Site. Given freedom of choice the buildings should be on 
dry ground of a moderate altitude, have a southern aspect, and be 
sheltered from the prevailing cold winds. They should be situated so 
as to have_easy access to, but set back from, a main road, and bejcived 
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in the first instance, be ruled by (a) tlieproximity of roads, and (b) the 
configuration of the ground. 

The rules for planning may be briefly stated as follows ; — 

(1) T he farm buildings should b e kept _well away from the farm- 
h ouse an d •w orkers ' cottages, 3ut consideration must be given to 
the distances being not too great, otherwise stockmen or other 
animal attendants might be reluctant to turn out at night or in 
bad weather to give the animals the required attention. 

The farmhouse should never be placed to the leeward side of 
the steading or farm buildings, in relation to the prevailing 
winds. Attention to this point tends to prevent flies and smells 
from the manure heap being blown towards the dwelling-house. 

(2) The arrangement of a group of buildings should be such as will 
admit of the free passage of sunlight and air, and yet ensure 
economy of labour in the tending and feeding of animals. This 
latter requirement is greatly facilitated by ensuring tliat both 
the farm and the buildings themselves are served by a well- 
surfaced road, the surface being extended into the yards. 

The buildings may be arranged in the shape of the letters 
“L,” “U”, “T” or "E”, witli a road round the outside; the 
open end of the letters facing South ; or they may be arran ged 
around a rectangular court or yard at the end of the farm road 
(see Fig. 50) or in parallel lines on each side of it. An out- 
standingly bad feature of most farms is that the buildings have 
been added to from time to time on no definite plan, and as 
occasion seemed to demand, with the result in many cases of a 
hopeless muddle which involves labour out of all proportion to 
the capacity of the farm. 

(3) The court formed by a group of farm buildings, in any of which 
buildings animals are housed, should be so proportioned that 
the least dimension of the court’s surface shall be not less than 
twice the height above the ground of the ridge of the Iiighest 
building forming the group. From this it should not be 
assumed that all faim buildings ought to be grouped to form 
a courtyard, but there is no objection to a quadrangle if the 
area is great enough to give plenty of ventilation. The rule 
given above would work out at a quadrangle measuring 36 feet 
in its least dimension if the highest building measures 18 feet 
from the ground to the ridge. 

An example of a farm steading embodying some excellent principles 
is shotvn on the plan in Fig. 51. Tlus plan should be carefully 
studied, as it incorporates some of the points considered desirable for 
a modem dairy farm which, with certain adjustments, might be used 
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Ter other forms of husbandry. It will be seen that the buildings are 
'arranged in parallel lines on each side of the main farm road from the 
■highway, which divides on reaching the farmstead. The first branch 
serves the buildings used for the storage of implements, etc., and also 
the stable for horses. It should be noted that the isolation boxes are 
situated at one corner on this side, well away from all other stock. 
The second branch road serves the main group of livestock buildings, 
•which include the cowhouse with dairy attached and a partially covered 
•yard which is separated from the former by a calf-rearing unit and a 
•range of loose boxes. 


GENERAL CONSTRUCTION 

Building Materials 

The following notes on building materials are confined to those in 
^general use for ordinary farm buildings. There is, in addition, a great 
variety of proprietary articles, many of which are good and useful, but 
which, owing to their cost, are out of the question for most agricultural 
buildings. 

JSricks. Brickwork is probably the most widely used of all the materials utilised 
for building construction. Bricks are made either of a natural clay or a suitable 
brick earth. To the former must be added any of the necessary ingredients in which 
at is deficient. All clays and brick earths vary in character. 

Natural plastic clays arc composed of silica and alumina, and contain a very 
small proportion of lime, magnesia, sodium and other salts. They tend to shrink 
if used alone, but attain great hardness when burned. 

Brick Earth or loam consists of clay (/,c., silicate of alumina) and sand. The 
latter prevents shrinkage and cracking, but reduces the hardness of the resultant 
brick. Most loams require tlje addition of lime as a flux, in order that the materials 
:may be bound together. Marls or calcareous clays contain a large proportion of 
-chalk. Suitable brick earths, whether natural or artificial, should contain such 
proportions of carbonate of lime and oxide of iron, etc., as will form a sufficient 
Hux to fuse the constituents when in the furnace, but an excessive quantity will 
-cause them to run together, and result in on ovcr-bumcd and badly-shapcd brick. 
"The oxide of iron in a brick helps to bind the brick, and gives it its colour, whilst 
the carbonate of lime is purely a binding material. 

Bricks should be of regular and uniform size, shape, texture and colour, and 
svcll burnt. They should be free from cracks and flavk-s, sharp on the arrises, and 
f:ivc out a clear ringing sound when struck with a hard material. It being impossible 
to rcccis'e delivery of all bricks in this perfect condition, those slightly damaged 
arc quite good for building in concealed positions, provided that the brick is Jiard 
and wcll-bumcd. Moderately rough. Irregular and chipped bricks need not be 
objected to for partitions or walls which ha\-c subsequently to be plastered or covered 
in any way. Porous bricks should vc\‘ct be used in found.atioas or in external walls. 
“They wiirobsorb water, and are likely to weather badly. U is economical to build 
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the bnckwork of agncultural buitdinss in cement and lime mortar, as it results: 
in much more durable and >valcr resisting work, reducing depreciation and giving 
a stronger result than lime mortar alone 

Ordinary Budding Bricks Ordinary building bncks vary slightly in size* 
according to the brickworks or district in which they arc made They may be hand- 
made or machine-made, but in either ease are moulded Hand-made bncks are 
usually wire-cut, and have no frog or depression, which results in a heavier bnck 
and one which does not bond so well owing to the absence of the frog. Machine- 
moulded bncks are usually more tegular, have a frog on one or both beds, and 
usually bear the name of the brickwforks at wrhich they are made Ordinary clay 
bncks are obtainable in various shapes for special purposes BuUnose bricks are 
used for forming rounded comers at doors, windows, piers, corbels, window siDs 
and other projecting parts which, if built with a sharp ams (edge).’ might injure 
animals Splayed bncks are used for intakes, sills, window openings and corbelling. 

Facing bncks are special bricks made in a variety of kinds for use with ordinary 
br ckwork to give walls a durable and san tary finish. 

Enamelled Pr/cki —Enamelled bncks refer strictly to those finished on one or 
more surfaces with coloured or white enamel, but the term is often loosely applied' 
to cover enameUed, glazed and salt-glazed bncks. which arc three totally different 
nroducts ' 


EnamriUd fit^Uy goods of any d«cnpt,on, nhclhcr bncks, lilcs or Sdnilaiy 
fittings, are easily distinguished by reason of their ooaam. t u *** '"““' 
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Perforated —Perforated bncks are ordinary budding bricks made with 
a number of perforations running from bed to bed They are frequently used in 
m the south of England and London for lightening the work, but are rarely used 
in Scotland 

Hard-pressed \entifatmg bricks, or mr bricks, of vanous patterns are often 
used instead of gratings (See Ventilation ) 

Tiles Ordinary roofing tiles, usually red in colour, are made from a good plastic 
clay Flat plain tiles are used for all classes of work, and are made m a great 
vanety of qualities Tiles should not be laid at a flatter pitch than 45 degrees 

Pantiles, commonly used on sheds, byres and other buildings are rough 
and heavy, and do not keep out the wind unless torched on the underside They 
are popular in some districts, as they can be laid on roofs with a pitch as flat as 
25 degrees, and are easy to fix Glass Pantiles are obtainable for insertion in pantiled 
roofs They can be easily inserted in an existing pantile roof 


Building Stones. Stones used for building purposes may be divided geologically 
into two classes, viz , those derived from the igneous rocks and those from the sedi- 
mentary rocks To the former class belong granite, whmstone, trap-stone, etc , 
and to the latter class sandstone and limestone 

Granite vanes greatly m composition and colour The best Bntish granites 
come from Aberdeenshire, Guernsey, Devon, Cornwall, Westmorland, and 
Wicklow ID Ireland It is sometimes used for" street paving setts, but is apt to- 
become slippery For farm building purposes probably the only use to which granite 
can be put is fbr paving stable-yards in the form of setts, and for steps and 
thresholds 

fVbtnstonc is a close-grained dark blue or black stone with no definite bed or 
or line of cleavage It is used principally for road metal, the aggregate of concrete 
floors, and for paving setts being superior m many respects to granite for the latter 
purpose It IS not recommended for building as it is inclined to draw damp and 
sweat on the surface 

Sandstone consists of quartz in the form of sand held together by the carbonates 
of calcium and of magnesia, the oxide of iron and sdica, etc Sandstone is most 
in demand for nibble building and hewn work, owing to us regularity of texhirc- 
and workability The durability of the sandstone depends upon the power of the 
binding material, and us ability to resist weather The sand or quartz is, of 
Itself, indestructible The hardest varieties of sandstones are much used for paving, 
copings, steps, foundation blocks, etc 

Limestone is calcium carbonate m combination with iron, silicon, magnesium,, 
etc. Well known examples of limestones arc (l> Portland Stone obtained from the 
Upper Oobtc senes of sedimentary rocks m the island of Portland , and (2) Kentish 
Rig stone which is compact, of a bluish tint, and is chiefly used for nibble building, 
paving setts, road metal, etc , (3) Bath stone varying m colour from white to 
creamy >ellow, and when first quamed, soft and moist It may be cut out bv a saw, 
and is easily worked for fine carving but after exposure to the atmosphere ii hardens: 
and becomes very durable 
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Sla/es. The chief vancties of sJales are Welsh slates, which have a good cleavage 
and may be split into very thin metal , and Westmorland slates, which are hard, 
tough and sery durable, and obtainable m a variety of pleasing colours Scottish 
-slates are usually very durable, but are thick and heavy 


A good slate should gire out a sharp nng when struck. It should stand trim- 
ming and holing without fracturing. Slates may be tested by weighing them before 
and after twentv four hours’ immersion in water A slate, set on edge in water 
to half Its height should not absorb water m the upper and unsubmerged part In 
a really good slate no sign of moisture wiU be seen above the water line 
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before it is burned It is necessary to obtain a mixture containing from 25 to 30 
per cent of clay. The method follow’ed is to mix the chalk and clay m -water till 
It attains the consistency of a creamy liquid known as '‘slurry ** This is allowed 
to settle in large tanks or reservoirs for several weeks When the deposit becomes 
nearly solid, the liquid is run olT and the solid dug out, dned over cobng ovens, 
burned in kilns at a high temperature, and afterwards ground to a fine powder. 
The strength of the cement dpends largely upon the fineness of the grmdmg London 
Portland cement, -which is in vvorld-widc demand, is made principally on the Thames, 
and Medway The colour vanes from a bluish-grey to a light-brown Portland 
cement will draw damp and moisture, which, in a comparatively short time, will 
cause It to set in the sack If required for home use it should not be obtained in 
amounts which would involve its being stored for more than 8 weeks ; it should 
always be kept in a dry store 

Cement Mortar — Cement mortar for building purposes is composed of about 
three parts clean sharp pit sand, or river sand, and one part Portland cement, mixed 
with clean water free from organic matter or other impurities It must be used 
fresh as it sets rapidly Mortar left over at the end of one day must not be mixed 
With fresh matenal the next day 

Cement Concrete for the foundations of walls, retaining and other walls, etc , 
is composed of a clean graded aggregate, consisting of clean broken stones, bncks 
or large gravel, clean graded sand and Portland cement mixed with Clean water 
The proportions of foregoing vary with the nature of the work and the class of 
aggregate and quality of cement used For ordinary foundations the following is 
recommended — 

Stones or bncks broken to pass a 2-inch nog 4 parts 
Clean sharp sand 2 parts 

Portland cement 1 part 

Water in sufficient quantity 

The matenal should be mixed on a platform of close boarding or stone, or 
ceinenC pavement (not on sod), turned over twice dij' and once after being wef, 
immediately thereafter beuig turned into the foundation trenches 

Cement Plaster, consisting of clean, sharp sand and Portland cement mixed 
in three or four to one proportions, is used for rendering or plastering the itmer 
or outer surfaces of walls, p-irtitions, cow byres, divisions, piggery partitions, 
etc Care should be taken to avoid using a plaster too rich m cement, otherwise 
hair-cracks or crazes will develop A sand-faced finish is preferable to a polished 
one in this respect, but it is nevertheless more difficult to clean, as in the case of 
a sick loose-box Cement plaster lends itself to the introduction of rounded 
comers and angles, and to a hygienic finish adjoining metal fittings m stables 

Rough-Casting for the outer face of walls consists of cement plaster finished 
on the surface with pebble or crushed stone dashing 

Reinforced Concrete consists of fine concrete strengthened with iron or steel 
rods or expanded steel sheets, so placed that the reinforcement will take up the tensile 
strains set up in the concrete It is now extensively used for the formation of stan- 
chions, posts, beams, partitions, load bearing and retaming walls, tanks, stall 
divisions, upper floors, etc 

Asphalts. True mmeral rock asphalt is used m diflcrent forms for paving road 
ways, covering platform roofs, and lining the walls of basements to exclude damp 
(often called “tanking”) 
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Mineral rock asphalt is a natural limestone irrpregnatcd with natural bitumen. 
This rock HfoundpnnapallymtheValdeTra>crs(Sv.itKrhmJ),Scj-s«lantlMon<- 
trottiCT (France), and Ltmmer (Hanover) Mineral rock asphalt may be laid m 
two v^-aj-s, nr, “powder work" and “maslic-work “ 

Poy,der>Work is used for roadwTij-s. The naienal is prepared by gnnding 
-the rock to a fire powder, which is then roasted m a special plant, conveyed hot 
an steel waggons to the work, and spread on a solid concrete foundation The 
powder is immediately beaten into posiuon with hot iron ranmen, and finished to 
a unifi^ surface The constant irafik: of a l«sy thoroughfan: soon renden.tha 
form of road Aay sery hard and durable 
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■after is permissible^ it being impossible to get perfect timber except at a very great 
■cost 

SapHood — Of the dcf«:ts in timber, (he most serious is the presence of an 
undue proportion of sipwood This is due'to the felling of immature trees The 
-sapwood is spongy in gram, showing large annual rings, and is generally of a bluish 
colour The sapwood in a board can be distinguished from the hcartwood by 
•dificrence in colour Sapwood is very liable to decay, and is particularly subject 
to attack by ‘*dry rot ” Being immature it lacks strength in comparison with heart- 
■^^ood, and is therefore unsuitable for structural work 

Shakes — Shakes m timber are cracks, faults due to uneven contraction in the 
seasoning or drying of the timber 

Knots — Knots in timber are the cross section of branches and shoots These 
iire particularly numerous in red pine or redwood, less numerous in white pine, 
and of rare occurrence in good Amcncan yellow pine Timber containing large 
loose knot? should not be used for structural work, but firm, undecayed knots, 
if not excessive in number or loo large, arc not objectionable 

tVaney Edges — “Wancy edges” is a term which refers to a batten or “deal” 
having a splayed or rather slightly rounded corner or edge This at once reveals 
the fact that the particular scantling has been derived from the outer part of the 
tree, and is therefore almost entirely composed of the newest of the sapwood, or 
has been denved from a small and, therefore, immature tree Such timbers may 
be used for rough or unimportant work if placed m an airy position 

‘‘X)r; Kot" in Timber — From the time a tree is felled, the timber becomes liable 
to attack by “dry rot,”* but the disease is usually most active when the timber is 
in position in a structure 

This disease, which is due to several related fungi, especially Afendius /aery-- 
jnans, thrives most readily in situations which are unventilated and have a 
•warm, damp atmosphere The spores of the fungus may get into the timber before 
It is built into position, or they may be earned by wind, on carpenters’ tools, or 
spread to sound timber from the temporary or permanent proxmiity of old infected 
timber 

A common situation m which “dry rot” is found is under ground floors, where 
the joisling and flooring boards are attacked, particularly if the site of the building 
"has not been cleared of vegetable matter and properly covered with surface con- 
crete It IS, therefore, nreessary to provide thorough air circulation to the spaces 
under all such floors by inserting air-bncks in the walls so as to give through 
draught 

Unventilated spaces in roofs, enclosed by timber are also likely sites for 
the occurrence of “dry rot,” since in event of a leakage and the presence of 
infected timber the spores wili rapidly germmatc and grow, ultimately reducing the 
timber to a powder 

The appearance of the fungus vanes with the situation, stage of growth, and 
the condljons promotmg us growth Sapwood, particularly in white pine, is very 
liable to attack Expenenced observers can often detect the presence of “dry rot” 
in a structure by the charactenstic musty odour emitted by the fungus, and the 
“atmosphere” which it creates 

The fungus, under suitable conditions, grows and spreads rapidly, m the 
early stages having an appearance somewhat like frost, and later developing 

♦Tlie term “wet rot” is applied to decay started m the standing tree, “dry rot” 
to “the form of decay induced m timber that is apparently sound when 
first used as constniclional material” 
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into a mushroom like skin spread over th* surface of th- timber. The fungus may- 
spread over, and into, the joints of brickwork, plaster, masonry, etc., in search 
of moisture, but it d'mvcs nourishm^nl only from the woodwork. 

Almost without exception, soft, unsrasoned sap-wood sooner or later becomes 
attacked by the fungus Highly resinous woods, e g. larch appear to be less 
liable to attack than sudi practically non resinous woods as white pine 

It may be taken that line is no cure for dry rot in limber once it is attacked. 
The only safe procedum u to cut out all affected pans together with the pans ad- 
joining. These should be carefully removed from the building without allow- 
mg any of the dust or spores to be blown about, and disposed of by burning. 

Replacement of woodwork should be carried out with perfectly sound and 
wcll-sponed timber, the surfaces of which have been coated with creosote oiX 
after having scorched the surfaces of all walls and exisUng woodwork m the via- 
mty Tiih a blow lamp Immediately after the application of the blow lamp, an 
additional precaution is to coat the surrounding woodwork with a 1 to 2 per cent. 

tion, because ot ils highly poisonous chasacter A sarer, but less effeans: method. 
IS to use a solution of copper sulphate. eucctn'c metnoo. 
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Upon the founda tion, the top of which should be level, the wall is 
buiiT a nd brought up all round the structure to a level surface to 
receive the damp-proof course about 4 inehes above the ground level. 
In this case the stable or byre floor would be 2 inches above the damp- 
proof course, making tlie floor 6 inches above the ground if the site 
is level. The d amp-proof course is important and must be erpraUffA 
with care. F or details of construction refer to the section “Dampness 
in Buildings and its Prevention.” 

Brickwork . — Generally speaking, brickwork in the form of 9-inch 
solid load-bearing walls, strengthened by such piersjtsjnayienecessarv. 
under btiiiumg oy-iaws, will meet all requirements for farm buildings. 
Where piers are needed they should be placed on the exterior oftRe 
buildings, but, whenever possible, piers and unnecessary breaks and 
projections in wall surfaces should be avoided. Reinforcement of 
brickwork may sometimes render piers unnecessary, but expert advice 
must be sought in each case. 

Where farm buildings are to be erected in very exposed positions, 
or where the bricks used are unusually porous , it may be desirable to 
construct walls on the cavity system . External rendering is another 
valuable means of increasing the weather-resisting qualities of walling. 
Portland cement, lime and sand, with or without the addition of 
pebbles to the mixture, and the many cement finishes now on the 
market are suitable for tills purpose. 

In framed structures, brickwork used for filling in the panels should 
be bonded into the steel stanchions or concrete piers. 

Stone of va rious kinds is an excellent material for the walls of 
fajm~BuildmgsTn districts where it is readily available and builders 
a7e t'amiUar with its use. 

Concrete . — Ap art from its usual uses in foundations, solid walls, 
lintels, etc., concrete is now available in the form of manyTypES* of 
-precast Slocks — solid, noUow, vibrated or cellulan 'I'hese may oe useef- 
for Iba'd-carrying walls and their thermal insulation value is about 
equal to brickwork of the same thickness. Cellular concrete blocks 
have higher thermal insulating qualities than the other types mentioned. 
They may be used as the inner lining of cavity walls in conjunction 
Math brickwork for panel filling, in framed construction or ordinary 
walling. Cellular and lightweight concrete are important recent 
developments, but so far have been tittle used for farm buildings. 

Sheeting . — Various forms of sheeting are available for use in 
framed structures. Most of them are obtainable in a wide range of 
St.-inda rd sizes and colours, and are easy to cut, but they sutler from 
tile iflSdvantage that they are likely to be damaged on impact, and 
foTfh.r r,i.Knii when used for walls should not be taken down to the 

— Y.H. 13 
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Asbestos cement roof-cnvering is Tnaniifactiired in corrugated sheets 
for fixing direct to purlins, and in flat “slates’ for fixing to battens o r 
to root' boarding. The advantages of asbestos cement rooting are that ~ 
it is non-corrosive, comparatively light, insulating and requires little 
attention. 

Another form of roof-covering is asbestos protectcfl metal. This 
consists of corrugated iron sheeting, covered on both sides and on all 
edges with asbestos fabric, and having a bituminised finish. It is very 
lasting, and involves practically no maintenance costs. 

It must be appreciated that, while sheeting requires the support of 
trusses and purlins only, tiles and slates require a heavier supporting 
structure including rafters and brfttens, and an internal lining may be 
necessary in buildings erected for the housing of livestock and for the 
-dairy. 


Floor Construction 

The essential requirements for .a hygienic floor .are that it be non- 
■porous, capable of beine easily cleaned and quick drying ; it must b e 
non-slipperv. durable, hard-wearing, free from damp and be comfort - 
■ able for the animals. Since the majority of animals are kept for protit 
and not for pleasure, the question of expense has also to be considered. 

A floor that does not soak in water and which readily dries after it 

has been flushed lasts loneer than one that retains moisture . 

Owing to the fact that animals void their faeces and urine wher e 
they stand it is necessary tliat the floor be comnosed of some material 
that will not absorb moisture, othetwise the flooring and the subsdil, 
would become permeated with urine, etc., a nd be constantly damp and 
• cold, and the air of the building would be -vitiated with the products 
of decomposition wnicn, it not actually causing disease, would at least 
tend to lower the vitality of the animals and render them more suscep- 
tible to disease. Damp floors and damp walls are marked predisposing 
causes of illness and general debili ty. 

Slippery floors have been responsible for many accidents to animals, 
especially to horses and cattle. Jhc more impervious a floor is to 
moisture, the harder and denser is its structure, but unfortunately 
the surface of such a floor is often smoother than one svhich'is less 
compact. A level floor with a smooth surface becomes polished svith 
the friction of animals passing over it ; dirt, especially of a greasy 
nature, fills up the small pores on the surface, making it still smoother 
until it becomes glazed in much the same way as does wood that is 
dressed with wax and turpentine. A sm ooth hard surface is slinnerv to. 
shod horses, whilst a smooth wet surface is dangerous to cattle.. 
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cement, four parts gravel, broken stones or bricks and two parts sand, 
the whole being well mixed together with clean water. The concrete 
is then well beaten down, levelled off with a wooden float, which leaves 
a slightly rough surface, and left to set. It may be brushed with a 
stiff brush after it is levelled to give a somewhat rougher face. As 
concrete will absorb moisture from the ground, the flooring will be 
drier and warmer if tlie damp-proof course of asphalt from the walls 
is continued across the building under the concrete. In order to give 
additional foothold, the cement concrete may be grooved. The grooves 
should be at least half an inch deep and should, as far as is practicable, 
run at right angles to the direction usually taken by the animals when 
entering or leaving the building. Checkered grooving is not to be 
recommended as this renders the floor difiicult to clean ; indeed, 
grooving should be avoided as much as possible. Should a finer and 
more durable surface be desired than is given with cement concrete, 
the upper inch or inch-and-half may be composed of two parts of 
crushed granite and one part Portland cement, with a little clean sand 
to fill the voids. 

While cement concrete imdoubtedly forms the best flooring for cow- 
sheds, piggeries, etc., some are of the opinion that it is too slippery 
for horses owing to its smooth surface and because, even whed well 
grooved, the grooves in course of time become shallow and worn away 
by the friction of the horses’ shoes. Nevertheless, cement concrete has 
been found to give complete satisfaction in commercial stables for 
heavy draught horses. 

noTi Cret e floors that have become smooth and slippery tlirough wear 
a nd polishing mav be roughened by the application of commercia l 
hydrochloric acid. The method, which was devised by Scriven .and 
Kenny,* is said to he effective and cheap, and capable of being 
carried out by the available farm labour. The standings and gang- 
way can conveniently be treated in sections with a surround of puddled 
clay. Though undiluted crude commercial acid may be applied, 25 
• per cent, strength left on for a period of approximtely 20 minutes will 
generally be. found to give satisfactory results. After treatment the 
surface should immediately be flushed with water, and finally any 
residual acid should be watered with a solution of soda. Drain inlets 
must be closed with puddled clay to prevent acid entering the drains 
before it has been neutralised. After the treatment has been completed, 
it will be seen that t he acid by eating away the superficial calcium 
carbomate will have left a nicely roughened surface, the sand and 
gfamte being unanected. Workmen must be warned regaroing tno 


V. Min. Agric. 45. 998-1002. (1939.) 
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danger of careless use of the acid, and they should be provided ^Mlh 
rubber boots and mackintoshes All windows and doors must be kept 
open, as the fumes from the acid art noxious 

Where a concrete fioor ewes trouble b\ “dustinc ” it may be treated 


with sodium sibcate (I gal 42 Baumc-1-4 gal of water) or magnesium 
fluosihcate (1-2 lbs per gal of water) the solution being brushed o\cr 
the surface Two or more applications arc needed, and after allowing 
each treatment to drj, the surface must be scrubbed with water before 
another solution is applied * 

Other more or less satisfactor> pa\mg materials arc cau5cava> setts, 
and vitrified paving bncks Causeway setts may be cither of whmstone 
or granite They are made in various sizes to suit a vanct> of purposes 
and local customs The causeway setts should be laid in a cushion of 


sand on a concrete bed from 4 inches to 6 inches thick Tlic joints 
should be grouted with sand and cement, or with pitch Sometimes 
the joints are grouted for about two third of their depth, the remain- 
der being filled m With pitch. Granite sells give a good foothold when 
first laid, but tend to become s1ippcr> with wear 

Vitnfied pamg bricks are laid m the same way as setts The> 
wear very \\cU but arc ahva>'s slipper> They should be grooved to 
&VC foothold, the groove m each brick being fairly deep and wide, a 

The bricks should 
unimerrupicd hne of grooMiiE 
Orrfmurp buMng bricks, though frequemly used m bwes and 
piggeries, are too porous to make a satisfactory floormn material and 

quite unsuitable for this pu^T ls ' I 

'sato, as also do creosoted raray sW, 

Composition bricks made of cork anrf r,.t w 

mended forthe flooring of cow stalls sometimes rccom- 

has been used ^ ^‘gSenes 

houses, but it has ^ covenng of floors m 

factory It does possess the thoroughly satis- 

and resiliency, which no other tvn ^ combination of warmth 

of very great importance because vL"" Th'S is an asset 

in particular, are brought m from ^^“”5 m calf heifers 

floor proves unpleasantly hard anri autumn, a concrete 

•ShiUingiaw Hale and sharf ^ ^y'^lding, and as a result swollen 
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knees and hocks commonly develop, with frequently serious conse- 
quences from secondary infection. These accidents are liable to occur 
even when a bed of straw is provided. 

Rubber has been used in three principal forms, rubber blocks, 
rubber mats and as rubber plastic flooring. The blocks are made of 
cement with rubber on the upper face, keyed into position on to 
concrete. The blocks are laid on to a cement floor and joined with 
liquid cement. This type has not been found to be very satisfactory, 
because when weight is put on the blocks the edges of the rubber are 
torn apart owing to its resiliency, with the result that seepage of 
urine, wash water, etc., finds its way underneath the blocks. 

With rubber mats the disadvantage of seepage does not oc cur, but 
it has been found very difficult in practice to fix them to the cement 
and they tend to lift at the edges allowing urine, dirt, etc., to work 
undemeatli. 

Both blocks and the mats become very slippery when wet, even 
when covered with bedding. This slipperiness can to a certain extent 
be minimised if the surface is studded, or ridged and grooved. 

Rubber plastic flooring, which consists of a mixture of powdered 
rubber, powdered asbestos, cork, marble and granite chips and cement 
and rubber latex, is the most promising of the three forms. It is 
warm, very resilient, impermeable, free from joins and is durable. 
This material possesses the further advantage that when areas become 
worn, they can be cut out and re-laid with new plastic with satisfactory 
results. 

Rubber flooring is not suitable for commercial horse stables ow ing 
to the hard usage it would receive and the conseoiient replaceme nt 
which this would involve, but t he plastic flooring has been strongl y 
recommended for dairy cattle standings .* 

DAMPNESS IN BUILDINGS AND ITS PREVENTION 

Dampness i n walls and floors is usually due to bad construction and 
negfected'^epairs . It may arise Irom leakages from the ro of, or tjig 
wall sur faces, or from the absence of damn-resisting course s. Even 
where a damp-resisting course exists, its presence is very often nullified 
by the outer ground being piled against the wall above the damp- 
resisting course level. 

Leaky Rnnfi . — A slate or tile d isplac ed or missing from a roof will 
form a direct inlet for rainwater, which runs do wn the roof boarding 
if» ~ihe~i~illHe3d. "liere i t spreadsJn_cyeryjdi rertI o nrsoiiin ng i nc~u'a ll. ' 

♦roalcr, A. B. (1933). The use of Rubber and Rubber rtastics 
for B>Te Flooring Sear, J, Aetlc, 21, No. 2 
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the rising of the damp, but the slates are 
liable to crack in case of unequal settle- 
ment of the building. 

Mastic rock asphalt, l aid in two layers 
of i inch each, forms a very good damp . 
proof course. The ordinary tar asphalt is 
cheaper but is not so eliective i Lead is 
an ideal material, but costprohibits its 
use. Purpose-made glazed earthenware 
tiles, bedded and pointed in cement, are 
occasionally used. They are impervious, 
and sometimes perforated in order to act 
as a means of admitting fresh air to the 
underside of wooden floors. 

A very common type of damp-proof 



sible to prevent si irfarp walei^ 
and su bsoil w.iter ■ eHtming — 



foundation, laying a field 
drairrwith proper runs and 55 — plan and elevation of a IZ inch 

outlet at the bottom, and - thick hollow brick wall with piers out- 
side and occurring nt each roof truss. 



186 


VETERINARY HYGIENE 



Fig 5S — Plan of 16 inch thick hollow 
brick wall with picra on inside face 


filling up the whole space with 
clean, dry, broken stones or 
bncks, which should be care- 
full> hand packed The top of 
these stones at the ground level 
should be covered with cement 
concrete, extending the full 


width of the trench. An additional precaution may be taken by coat- 
ing the whole outer surface of the wall up to and shout 6 inches 
abo\e the ground level with Portland cement plaster, preferably 
treated w'lth a good waterproofing liquid, or, alternatively, the same 
surface may be covered with vertical asphalt, although suchworllis 
not worth executing unless the material used is mineral rock asphalt, 
and this method is probably too expensive 

walls .s to 

build the wall hollow, particularly m the case of brich walls, or to 
an outside dry area as wide as possible by building the actual 
retaining wall clear of the building. The bottom of this area should 

below the floor let cl and damp course level, having proner outlets for 
any water which may eather tht- u * proper outlets lor 

ormStp auVZ'l'^ ~™?lSco4ed 

arc required in the waU ^thc'b*'!!!* I wmdous 

^y^yujly da mp during the ramv sensnus. 
nw buildings this danger may be 
provided against by building the uaU 
c overmg the outside with a coat 
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be about H inch es, properly ventilated at the top and bottom, with 
galvanised louvred gratings to prevent the entry of rain and vermin. 
Galvanised malleable iron ties must be carefully built between the wall 
and its outer casing, using at least two ties to every superficial yard 
of work. These ties have a twist in the middle to prevent moisture 
from travelling across to the inner wall. During the erection of hollow 
walls, care must be taken tliat the mortar does not drop down on to 
the ties nor to the bottom of the cavity. This may be prevented by 
hanging laths in the cavity, and drawing them up as the building 
proceeds. Hollow walls are doubly beneficial ; they afford a reliable 
method of avoiding rain penetration and give better heat insulation 
than the corresponding thickness of brickwork in solid walling. 

SURVEYING EXISTING BUILDINGS FOR THE 

PREPARATION OF SKETCH PLANS TO ACCOMPANY 
A REPORT 

The appliances necessary to make a survey of existing buildings are 
as follows : — a 50 feet or 60 feet tape ; a surveyor's 6 feet rod; a 3 
feet rule ; a plumb line ; a survey book consisting either of ruled or 
plain paper, and a pencil. An intelligent and energetic assistant is 
indispensable. 

Before starting to take measurements, a preliminary examination 
of the general arrangement of the buildings should be made, and their 
principal details of construction noted. If a group of buildings is to 
be surveyed, a start should be made with the largest and most regular 
of the structures, having a long, straight wall such, for instance, as 
the main cow-shed. (See Fig. 58.) This will form a base from which 
diagonals and tie measurements may be taken to fix the relative position 
of the various buildings on paper. Care should be taken, in sketching 
out the plan of the building to be measured, tliat sufficient space is 
left on tire page of the survey-book to -take in all the connections or 
out-lying features. Details such as doors, windows, fittings, etc., should 
not be sketched in before the whole of the outer walls of the building 
are shown on the plan. 

Squared paper is recommended for sketch surveys. 

It is necessary to see that the proportion of the building is fairly 
accurately represented in the sketch. System must be followed in 
taking the measurements, if errors, and consequently additional visits 
to the building, arc to be avoidei,^he outside dimensions of the 
buildings should be taken on aH"lrontagcs, starting at a comer and 
reading off running measurements to the full extent of the tape if 
necessary. That is to say, the ring of the tape is held on a comer, 
whilst the daylight sizes of each window and door opening are taken 
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and entered upon the sketch-plan, using arrow-heads to denote the 
direction and point of measurement. 

The inside dimensions of each apartment should be taken, measur- 
ing along each waU and taking the diagonal measurements from 
corner to comer. AU doorways, windows, chases, breaks, stalls, gutters, 
roof principals, roof lights, hatches, ridges, etc. should be measured 
from definitely fixed points by running measurements, and marked 
carefully upon the plan, bearing in mind that these measurements are 
to be transferred to a plan drawn to scale. 

Each storey should be measured in a similar manner, and the 
direction of the floor joists shown clearly in every case. 

Sketches should be made of each elevation of the building, and the- 
heiEhts of aU openings and details of the doors and windows, pipes 
roofs, etc. measured and shown upon the plan and elevations. A 
cross-section, no matter how rough, should also be sketched and all the 
urincipal heights measured and shown. 

In measuring elevations the floor level at a doorway can be used 
as a datum line from which ground levels and the position of sdls and 
lintels can be measured. The thickness of all walls and partitions, and 
the materials of which they are composed, should be noted, and the 
descrintion and condition of floors, roofs, walls and fittings should be 
jotted on the side of the drawings, with arrow-headed lines indicating 

the parts to which each note applies. _ 

If a drain plan of the existing premises is not available, all the 
drains should be carefully surveyed, the depths and position of man- 
hoirnoted, and the direction of flow marked upon the sumey plan. 

After the survey has been completed, entries should be made in a 
not^ook, systematicaUy and under proper headings of the condition 
of all parts of the building, noting particularly those parts which 
rL^e repair, and the details of construction m buddings which are 
tXaltered. A carefully made survey is always worth tlie tune ^ent 

■ uponh Fig.58isareproductionorasimplesurveysketchembodying 

the points to which reference has been made. 
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HOUSING OF HORSES 

The traditional practice of confining farm horses in stables is 
lending in some districts to give place either to the keeping of the 
horses in open yards with shelters or, in the milder parts of the 
country, to running them in paddocks througliout the year. Those who 
follow the open air system are satisfied that their horses are healthier, 
an opinion which is endorsed by veterinary experience. It must not be 
inferred from this, however, that the open air system is likely to be 
suitable for all parts of the country at all times of the year. On the 
contrary, for a number of reasons the housing of horses in stables will 
continue to be a feature of horse management. 

The planning and fitting of a stable depend upon the number and 
■class of horses to be housed, but simplicity should always be a ruling 
factor in construction. Where accommodation for a few horses only 
is required, the stalls are best placed in a single row along one wall 
(see Fig, 59). For a large number of animals, a wide stable having 
two rows of stalls and a passage running down the centre of the build- 
ing between them is more convenient. The stalls should not be 
constructed so that the animals face each other, nor should they be 
-placed in transverse rows across the building. 

Stalls, Fineness in allotment of standing space in the stalls is neither 
necessary nor desirable with horses, as is the case with cows, and it 
is better to provide stalls of a large size, since they can always accom- 
modate small horses while small stalls will be useless for big animals. 
The object of providing a separate stall for each horse is that all may 
rest and feed in security and comfort, and be free from the annoying 
attentions of their neighbours. 

The length of c stall from the facing wall to the heel-post of the 
•stall partition should be 9 to 10 feet, the larger figure being suitable 
for horses of the heavy draught type, and the smaller for hunters, 
hacks, etc. Stalls are commonly made too short ; the length should be 
such that it is impossible for one horse to kick his neighbour when 
both are standing back in the stall. The width of a stall for a draught 
horse should be from 6 feet to 6 feet 6 inches, in order to allow the 
animal to lie down in comfort, and also to permit of its being turned 
round in the stall when being led out. A width of 6 feet will be ample 
for light draught and riding horses. 

Passage. The passage behind a row of stalls, or between two rows of 
stalls, in a stable should be wide enough to permit the animals to lum 
without dilllcully when entering or leaving their stalls. The width of 
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the passage must also be such timt there is no danger of attendants 
being bcked when passing behind the stalled horses This passage 
should not be less than 6 feet wide for a single row stable, and 10 feet 
for a double stable 


Dimensions of Stable, A single storey building with an open roof, 
I e without a loft, is preferable to one having a loft, since the latter 
presents difficulties in regard to ventilation and unless properly ceiled 
tends to make the stable dusty The height of a stable must give ample 
air-space for the animals, but it must not be so high that it allows 
expired air to become cooled and condensed before it gets an oppor- 
tunity to escape from the budding If the stable has a closed roof, 
I e has a loft or other storey above, the height from the floor to the^ 
«!Ung need not be more than 12 feet , w,th an open roof, the total 
height from floor to roof ridge should not exceed 15 feet 

“■■-spjiM of a closed roof single row stable be calculated from 
the foUowmg dimensions ' stall 10 feet from wall to heel-post and 6 

be deducted 20 cubic feet for the space occupied by the horse leaving a 

the^;^.rj;i:ine‘“aptrr:;??r 

having an mside width of 18 fm the he, ^ T ^ ^ ^ 

of the eases ss ould be 6 feet The air smLf™r"’ 

matang deduction for the spac^fauj no hvfn™? “ budding, after 

1276 cubic feet per head horses, will also be 
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nnd so causing it to be uncomfortably hot for animals during warm 
weather. Whe re wall lighting is adopted, this should be by means o f 
hopper windows, placed, in the c ase of a single row stable, high in the 
wall behind the horses, in a^oubie stable, wall windows must of 
ne cessity be placed hi^ in the facing walls ; where possible, however, 
this type ot stable should always be provided with roof lighting in 
preference to wall lighting. 

With roof lighting there should be provided not less than 4 sq. ft. 
of glass, or in the case of wall windows 12 sq. ft., for each pair of 
horses. 


_ be from the passage behind th e 

horses, and the source of light, whether oil lamps, gas or electricity, 
m ust be placed in such a position, or at such a height, as to be clear 
of horses moving into, or out of. the stalls. ■ 


Flooring. The flooring of the stalls and passages may be of StaSbrd- 
shire blue paving bricks, granite setts or Portland cement concrete. 

The first two of these materials are very durable but rather expensive. 
Cement concrete at least 6 inches thick, with a top rendering of rough- 
ened granolithic ii'uiclies lliick, "Will laake a gooa standing and is 

relauvelyTIiSpeiT'BiirniereaFTTeerortEeltmiHmgTHn'uOT'aHram 

tSge be made oi either of the otlier two materials mentioned in order 
to take th e most severe wear ! A floor of cement concrete alone will 
wear quickij^ and is not advised unless a hard aggregate is used. 

The stall floor should fall 1 inch from each side to the centre, and 
2 inches from head wall to 1 foot behind the heel-posts, where a shallow 
gutter falling 1 in 60 should conduct drainage liquids to an outside 
gulley. The floor of the passage-way should likewise slope towards the 
gutter. 

iFalls. Walls should be strong enough to withstand kicking o r 
ru bbing 'by heavy horses , e.g. bricks 9 inches thick laid in cement 
Tgbrtar foo t lime mortarl. or concrete fi I'unbrg thick ir iu mass form 
blit less it reliubrceu. The insides should have a smootli hard surface 
r^TTurmiev .are easlfv cleaned and do not give lodgment to dirt and 
ITTs unnecessar y to go to the expense of lining the ivalls tvith 
tiles nr o l Building them with glaz ed bricks, but rlnxed tiles or 
Srlfcks may WiCII advantage bo placed on the wall immediately above 
the mangers. If t he walls are finish ed wiib u fur-u uf s mooth hard 
cement to a beirl it of 6 feet from the floor, a n d above that well pointe d 
unU washed over with cementT^ey will satisfy hygienic requir ements^. 

external angles such as those of doorways should be bullnosed 
— V.H. 14 , , 
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to a height of 6 feet, whilst comers at junctions of walls and floors 
should be filled in with cement so as to facilitate cleaning. 


Doors. The doonvays, of which there should be at least two in a 
large stable, must not be less than 4 feet 6 in., or 4 feet clear, in width, 
so as to lessen the risk of large horses injuring themselves when enter- 
ing or leaving the stable. 
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As has been stated, 10 feet is a desirable length of stall for ho rses 
■ of the heavy draught typ e, while 9 feet will do for smaller horses. ’i'he ~ 
height of the partition at the rear of the stall need not be greater than 

will prevent a horse accidentally getting his leg caught over it ; 4 

feet 6 inches will be high enough. It is not advisable to make narti- 
tions higher than is necessary, espe cially if they are solid throughout, 
since the higher they are the less free will he the circulation of air in 
the building . At the front of the stall the partition must be at least 
li feet higher, i .e. 6 feet, in order to prevent adjacent horses from 
worrying each otlier by poking their noses over the to p. 

Stall divisions in the past have usually been made of IJ to 2 inch 
wood b oardin g (see Fig. 60), but reinforced concrete or bricks are now 
sometimes utilised. A hardwood such as well-seasoned oak or elm is 
preferable to softwoods like pitch or red pine, which wear badly and 
require constant repairs. The latter also become rough, and arc con- 
sequently difficult to clean and disinfect. Stall partitions have to 
withstand much hard usage, and at the rear of the stall they should be 
protected by mild steel plates 3 feet 6 inches wide and 3 feet high, 
securely bolted to the boarding. It is probably an advantage for the 
boarding of the partition to stop short about 2 inches above the 
floor. This allows a current of air to pass underneath, thereby facili- 
tating draying of the standings, and also keeps the lower ends of the 
boards clear of the damp bedding and wash-water. 

A modification of the complete partition which allows better 
-c irculation of air in the building is one where the unner nart consist s 
of iron bats, the boarding being fi'mifed to ffie fower 4 feet (see Fig. S9). 

At the front of the stalls the bars are best replaced with cast plating 
for a distance of about 4 feet from the wall. This prevents horses 
seeing one another and worrying at feeding time, and may also help in 
preventing the spread of respiratory diseases. 

Heel-posts should be well sunk in the ground, have a broad base- 
plate, and be embedded in cement- concrete. Where the heel-post is 
not continued upwards to form a supporting pillar for a roof, it 
should be finished olT witliout any projection, not surmormted with a 
ball or other embellishment, as is often done, which is liable to catch 
some part of the harness, or which may lead to a horse injuring its 
head when being turned round in the stall. For the same reason there 
should be no brackets or hooks for hanging up harness on the heel- 
posts. Rings on each side of the heel-posts for the atiaelimcnt of pillar 
chains should be placed at a height of 4 feel 6 inches from tlie ground. 

Bails (from 0. Fr. bailie, a barriert. In nlacc of a comnlcte mnliion, 
swinging clanks or poles, known as bails, arc sometimes used in 
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mlitary and in large cnmmerr.ini staWes- The simplest type is in th e 
form of an iron bar or wooden ^ole, slung by lengths of chain at about' 
3 feet from the ground from the manger m i'ront, and either Horn tbs 
heel-post or an overhead beam at the rear; they have, therefore, a 
-certain amount of lateral movement. Chains should be secured with 
safety catches so that they can be released quickly if an animal should 
get hung up on the bails. 

Another type of bail, which is similarly slung, is made of elm or 
•oak planking, 7 feet long and 2 feet deep, the front 3 feet of the top 
edge being sometimes covered with iron sheeting or zinc to preserve the 
wood from horses which might otherwise bite it. (Fig. 61.) 

It is claimed that the bail system of separation allows freer venti- 
lation than do closed partitions, that all horses are easily visible, that 
cleaning of the .stable facilitated, and that the initial cost of bails 
is far less than that of partitions. On the other hand, bails have 
several disadvantages; horses may get astride them and suffer severe 
injury to the inside of their legs and thighs. A method sometimes 
adopted to lessen the possibility of serious abrasion is to cover the 
■suspending chains with leather or sacking. Horses will the more easily 
get astride the bail if it be hung too low, while, if it is too high, injuries 
may arise from kicking under the bail. A serious disadvantage is that 
some horses may not lie down, usually because of the fear of having 
their feet and legs trampled. Young animals which have been injured 
in this way may never regain confidence to lie do'wm, even when put 
in proper stalls or in loose-boxes. Finally, there is little doubt that 
bails are less conducive to that rest and comfort which is so essential 
for hard-worked horses when in tlie stable. 

Mangers. The types in common use range from a plain wooden ' 
trough with a wood-sp:irred hay rack to the more hygienic cast-iron 
or salt-glared mangers. Wooden mangers and hay racks are cheaper 
at first cost and for this reason ivill continue to be used where initial 
outlay has to be considered, but to offset this there comes a time when 
constant repairs are necessary. Itisimpossibleto keep wooden mangers 
clean, and if wet foods, such as bran mash, are fed in them, they soon 
become sour and offensive. 

Wooden mangers (see Figs. 62 and 63), when used, should be made 
of elm or oak boards, 11 to 2 inches thick. Tliey should be about 18 
inches wide at the top, 9 inches wide at the bottom, and about 30 
inches long. The front board should slope inwards to reduce the chan- 
ce of horses bumping their knees. Twelve inches is a sufficient depth 
for a manger. This will hold a feed of grain and chopped fodder 
without portions being tumbled out by the animal in searching for the 
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througli seed and debris dropping into the eyes as the horse stretches 
■up his head to pull out hay. When fodder is stored in a loft over the 
stable, the high rack no doubt effects some saving of labour, in that 
long hay can be pushed through a trap-door immediately above the 
rack, but this is no compensation for the risk of eye injuries. 

The best place for a hay rack is probably just above the level of 
the manger. (See Fig. 65.) The wide topped rack below the level of 
the manger shown in Fig. 64. has the disadvantage that it alloivs large 
bunches of hay to be pulled out and then dropped on the ground. 
To obviate this, such racks may be fitted with a grid over the hay, which 



fails as the hay is eaten, thus keeping the fodder in place, but always 
within reach of the horse. 

Water Pats. There is a difference of opinion as to whether stabled 
horses should have access to a supply of -water at all times or not. 
There can, however, be no question that on physiological grounds a 
supply of fresh water should always be available to horses. Unfortun- 
ately, in practice, a fixed water pot soon becomes fouled with the 
grain and fodder which the horse drops into it during feeding and 
drinking. The food in the manger also tends to get wet by splashing 
when' the horse is drinking or by water conveyed to it by the animal 
after drinking. If a svater pot forms a part of the manger fittings, 
it is necessary that the pot be cleaned out daily. In commercial stables 
however, there is usually little lime or labour for carrying out this 
essential requirement, and for this reason a constant supply of water 
in front of the horses is not recommended for this class of stable. In 
private stables, and where plenty of labour is available, water pots 
cannot be objected to on the grounds stated. 

A hygienic and useful uuler-filling is a bucket supported in 
position by an iron ring fixed in the wall. The bucket is easily 
removable for cleaning and. if water is not laid on to c,tch stall, it 
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™ be filled at any tap A good type of bucket holder is one m which 
the iron ring is hinged near its attachment to the wall thus aUowing 
the rmg to swing up and fit into a recess in the wall when the bucket 
js removed 
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if lower than this, loose harness and collars will slip down when the 
iorse is drinking. The trough should be emptied once daily for clean- 
ing and should be well scoured out once a week. 

Water-troughs are usually provided with a self-regulating ball-cock, 
which is placed in a separate chamber and covered in by a metal plate. 

Stable Fastenings. Horses must be fastened in their stalls in such 
a manner as will prevent them getting loose, or from standing too 
far back so as to e.xpose them to risk of injury from their neighbours. 
At the same time it must be possible for them to feed and to he dmvn 
in comfort, without the risk of becoming entangled by the securing 
rope. This is effected by having the head-rope just sufficiently long to 
enable the horse to lie down in the stall with his head resting on the 
groimd. The rope should have a counterpoise weight attached to its 
free end, so that when the animal rises the loose rope is taken up and 
■does not hang in bights, being always in a sufficient state of tension to 
prevent its getting over the horse’s head or under his legs. A one-pound 
weight is hea'vy enough for the purpose. The correct length may 
be ascertained by allowing the horse to stand naturally in the stall 
well up to the manger, and letting the counter-poise just rest on 
the ground. Ropes, chains or leather straps, or combinations of these, 
are variously used. Chains are economical in wear, but are noisy and 
are difficult to release in cases of emergency. Ropes are not noisy, and 
ate quickly cut in the event of fire or of a horse getting tangled up in 
the headrope. 

The free end of the' head-rope may pass through a ring attached to 
the front of the manger at its centre, and so hang directly under the 
manger, being kept taut by the counteipoise weight. As horses, 
•especially idle or lightly worked ones, frequently acquire the habit of 
picking up the rope with their teeth and tossing the weight into the 
manger, or getting it twisted round the rope, it is an advantage to 
have both weight and rope enclosed under the manger with the rope 
running through a slot in the manger-plate. In order to keep all 
weight off the horse’s head when feeding or standing up in its stall, 
a stop ring placed on the rope about a foot from the head-collar is 
useful. 

The top of the manger placed 3 feet from the ground will be found 
u convenient height for the average horse, or 3 feet 6 inches for large 
•Shires. The boarding-in of part of the space below the manger, and 
formed by its bottom and the wall as shown in Fig. 63, is not recom- 
mended. Although this m.ay offer some protection against injury to 
knees on the front bottom edge of the manger, space so enclosed 
provides a harbour for dirt and for rats, mice and vermin. 
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Some horse owners prefer to place mangers on the ground, the 
contention being that this situation allows horses to feed from a more 
natural position 


Loosc-Boxes Whate\erthe number of horses kept, at least one loose- 
box IS necessary where the animals are ordinanlv accommodated m 
Stalls If possible loose-boxes should be built outside the stable proper, 
at some distance from it and out of the track of horses passing to and 
from work One or more boxes may also with advantage be included 
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Fig. 66) are preferable to complete partitions since tins allows a better 
air circulation; animals can also be seen without disturbing them by 
opening the door. The wooden parts of the partition separating the 
box from the adjacent stall should be about 4 feet in height; those of 
the door and passage partition need not be higher than 3 feet. The 
bars at the head of the adjacent stall should be covered with iron 
sheeting as already recommended for stall fittings. The door of the 
box must have a minimum width of 4 feet clear and should be hung to 
open outwards. If hung the reverse way, the litter in the box will get 
pushed up and caught imder the door when the latter is opened. 
Another consideration is that if a horse becomes cast in the box, as 
may easily happen m the case of colic, and is lying across the door- 
way, it will be impossible to open the door unless it is hung in the 
recommended way. The door fastening should be of the safety type in 
which the latch slides out of sight when the door is opened; it must 
be capable of being opened from without or within the box. The 
manger, hay rack and water receptacle are best placed in separate 
comers. 

In the past it was sometimes recommended that the inside of the 
external walls of loose-boxes be lined with wood to a height of 4 or 
5 feet for giving greater warmth to the box. This is not necessary, and 
indeed for sick boxes the practice must be condemned owing to the 
increased difficulty in cleaning and disinfecting which it involves. 
Cement plaster is always to be recommended on hygienic considerations 
for facing any interior wall. 

A good method for fastening a horse in a box is a horizontal bar 
running between the manger and hay rack and on a level with them 
The bar carries a sliding ring to which the head rope is tied, thus allow- 
ing the animal to move from manger to rack as he may desire. A 
ring, fixed at about 5 feet 6 inches high in the wall, makes a convenient 
tie for grooming. 

The drainage channel from the box may pass under the door, or 
under the partition, whichever is the more convenient, to join the main 
channel. The floor should be of concrete, Staffordshire Blue or other 
hard-wearing brick, grooved on the surface and falling away from 
the walls and partitions towards the channel. Adequate lighting and 
ventilation should be provided. 

E.\leriwl Loose-boxes . — ^External boxes may form the main stable 
accommodation as in racing and hunting establishments, or in the case 
of commercial stables be built solely for emergency purposes, such as 
the reception and isolation of the sick. In every kind of stable there 
should be one or more boxes, situated at some distance from all other 
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horse accommodation, for the purpose of segregating actual or poten- 
tial cases of infectious disease. 

In general, the features of an outside loosc-hox are the same as 
those of an inside, one. Woodwork should be dispensed with where 
possible, and the walls lined with smooth-finished cement to a height 
of at least 6 feet from the floor. Abo\c this, the bricks or stones should 
over with cement, but need not ha\c such 
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cial stables, lockers about 2 feet high by I foot 6 inches wide placed 
round the wall are indispensable, one being allocated to each horseman 
for storing his own grooming tools, etc. When closed, tlie lockers 
serve as seats on which the men may sit when polishing harness, etc.. 
Harness can be hung above the lockers on brackets and hooks. A 
suitable height for a saddle-bracket is 5 feet, and for a collar-hook 
7 feet, above the lockers. Saddle-brackets should be placed about 
3 feet apart with a collar-hook midway between each pair of brackets., 
A dry cupboard should be provided for storing rugs, bandages, etc., 
which must always be carefully dried and aired before being put away- 
A cupboard, which like the clothing-store should be kept locked, is. 
useful for storing medicine and first-aid dressings. 

On farms where a separate harness room is not always provided 
strong brackets, securely fixed to the back wall of the stable, are used 
for head-stalls, collars and other harness in every-day use. Where this 
procedure is followed, the minimum widtli of tlie passage should be 
7J to 8 feet in order to allow for the gangway space neutralised by 
the projecting brackets and harness. 

Food Store and Food Preparation Rooms, In small stables a special 
food preparation room is not an essential feature; com, chaffed 
hay, etc., required for day-to-day use should be kept in rat-proof, metal 
bins, which may be located in the stable passage, provided the latter 
is wide enough (minimum 8 feet) and provided the bins do not cause 
interference with tlie free use of the gangway. A separate hay store 
for horses is not necessary on a small farm. In a large stud, as for 
example commercial or railway stables, where feeding requirements 
involve large amounts of com and other feeding stuffs, a damp-proof 
and rat-proof grain store must be available, together with storage for 
hay and suitable accommodation for the mixing and preparing of food. 
The equipment necessary for food preparation in any large horse 
establishment includes a chaff-cutting machine and an oat-crusher. 
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STABLING AND MANAGEMENT OF HORSES IN 
COAL MINES. 

The use of horses m coal rmnes is governed by the Coal Mines Act, 1911, 
and more particularly by the Third Schedule to the Act, which scu out in detail 
ihe regulations to be observed m the care and management of horses. 

The Third Schedule provides that no horse shall be taken into any mine until 
It IS four years old, and has been tested for, and certified to be free from, 
glanders by a setcrinary surgeon Stables must be properly constructed, sepa- 
rated from haulage and travelling roads, and continuously ventilated with intake 
air Roof, walls and partitions, unless painted, or made of slate, tiles, glazed 
brick or iron must be lime-washcd at least once in three months A sufli- 
cicnt supply of food and water must be provided daily for each horse while 
m the stable and at work Horsekeepers arc appointed in writing by the mine 
manager m the proportion of one to every fifteen animals A suitable supply of 
medicine and dressings and an appliance for destroying horses must be kept 

available tor use No horse may be allossed lo go lo work in an unfit stale, 
or improperly shod, or otherwise than with properly filling harness, including 
a ^ard for the eyes No blind horse may be noikcd in a mine The dnver shall 
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\ip to the roof. This pillar, together with the front and rear walls, serves to 
carry the steel girders by which the roof is supported. Mangers are formed 
jn brickwork, and lined with cement, or earthenware. Stall divisions are 
usually built of brick to the full height at the mangers, but only to half the 
height between manger and heel post. The space thus left is filled by two 
•or more iron rods. The division is therefore fully effective as a partition, but 
it also offers the least possible obstruction to the ventilation. The rear wall 
of the stable contains a recess behind each stall for the accommodation of harness. 

Floors are laid in concrete where possible, but in some cases where ground 
movement is experienced it is necessary to resort to bricks laid on edge. 
WhenCN^er possible stables are lighted by electricity and water supplies are 
laid on for drinking and washing. Provision is made for the storage of 
food, harness, and the necessary first-aid medicines and dressings. At least 
one loose-box should be provided for the accommodation of sick or injured poni«. 
In many of the mines in the North of England it is necessary to wash the ponies 
on their return from work. This may be accompUsed by constructing a bath 
"near the stable, through which the ponies pass. The final washing is com- 
pleted Viith the aid of a hose-pipe in a part of the stable set aside for the 
purpose. 

Food is supplied to the pits from a central store, already prepared according 
to the method of feeding in use. Part of the ration and a supply of water is sent 
into the workings, for consumption during the shift. Feeding boxes are main- 
tained in the workings for the distribution of food to the ponies. 

In the North of England ponies arc usually divided into two classes according 
“to the work to be performed;— 

(1) Putting Pen/er,— The small putting pony works close to the coal face, and 
hauls a small number of tubs, usually one or two, from the working places to a 
point where larger numbers are collected by the driving pony. 

(2) Driving Ponies . — ^These are larger animals, used to haul the coal from the 
point where it is left by the putting ponies to the main system of mechanical haulage. 
The number of tubs hauled by these ponies is naturally greater, and the distance 
may be longer. 

The usual method of harnessing ponies Is to use a set of cart harness 
•with certsun modifications to make it adaptable to the use of limbers, which 
the pony carries about with him. The limbers consist of a pair of shafts, 
■connected at the rear end by a rounded iron bow, having a projecting neck 
for attachment to the tub. There are the usual three hooks for the attachment 
of shoulder chains, backhand, and breeching chains, and the bow of the limber 
is supported by straps extending from the croup to rings fixed at the rear end of the 
•shafts. These bearer straps carry the weight of the limber, and prevent it 
•from falling on to the pony’s legs when the animal is not attached to a 
tub. Open-top collars are used, and the usual bridle is modified to provide 
protection for the poll, and guards for the eyes. In some cases, or for special 
purposes, ponies are w’Orked in chains. This harness closely resembles that 
•used in the plough. 
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HOUSING OF DAIRY CATTLE 


Sjstcms of Herd Management for Milk Production. The first 
consideration in connection ■with the housing of a dairy herd is to 
provide accommodation for the cows where the production of clean 
milk can be ensured under convenient working conditions No less 
important from the point of view of health and productivity is 
attention to all details which make for the comfort of the animals 
Lastly the feeding arrangements should ensure to each cow her full 
ration and a supply of clean drinking water 

The type of accommodation provided in any particular instance is 
governed by such factors as the climatic conditions of the region, the 
nature of the soil on the farm, the total acreage and the proportion of 
arable to pasture, the intensity of stocking, and the labour available 
Its turn, the accommodation must be appropriate to the type of 
^d management, and although there are wide variations as to 
detail tto« mam systems* under which milk production is carried on 
a*re to-day may be distinguished for descriptive purposes 


(i) the Co\\housc System m wi 
milked m the same buildme 

1 II.V.. TT. ® 


in which the cows are 


Iked in the same building 
(u) Home ot M,tkmg Parlour S,Mm. m which the 
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adjoimS tl;e“a„” 
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systein 
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consumption. This system is capable of tvide application wherever 
existing buildings are unsuitable for milk production, and where 
their adaptation would be too expensive or other wise impracticable. 

The Open-Air System has been adopted in certain districts where 
climatic and soil conditions allow of the cows living and being milked 
in the fields either throughout the whole year or during the summer 
months only. The production of “clean” milk under such conditions 
is not easy, but the advantages claimed for the system are that the 
health of the cattle is better than under indoor systems, the capital 
and miming costs are lower and the daily moving of the bail solves 
the problem of drainage and manure disposal. 

Legislation Relatino to Cowsheds. 

Milk and Dairies Regulations, 1949. These regulations, made under the Food and 
Drugs Act, 1938, as amended by the Food and Drugs (Milk and Dairies) Act, 1944, 
determine the conditions under which milk for human consumption may be pro- 
duced or stored in Engiand and Wales. 

Registration, Article 6 of the Regulations provides that the Minister of Agri- 
culture and Fisheries shall keep a register of ah persons carrying on the trade of 
dairy farmer, and of all dairy farms; any person who wishes to be registered as a 
dairy farmer or to register any premises as a dairy farm, shall make application ia 
writing to the Minister of Agriculture and Fisheries. 

General provisions relating to buildings and water supplies {Part P). This part 
of* the Regulations deals with the necessary structural features of premises used for 
the production and storage of milk. The Regulations do not lay down precise 
dimensions and it is possible for cowsheds or milking accommodation of widely 
different types to fulfil the statutory requirements, provided they arc so constructed 
and arranged to obtain the necessary light and ventilation and provided that clean- 
liness in milking operations can be readily maintained. 

Venu7a/ianandLig/i/wg. Article H requires that a milking house or milk 
room shall be provided (rt')‘*with a sufficient number of openings suitably placed 
and so used as to secure that the air therein is kept in a fresh and wholesome condi- 
tion” and (b) “with such window’s or such means of artificial lighting as arc nece- 
ssary to enable the milking of cows and any other process connected vnth milk to 
be conducted in a good and proper light.” 

In addition any building offior than a milking house which is used for housing 
cows must be provided with light and >'cntUation adequate for the maintenance of 
the health of the cows. 

Water Supply. Article 12 (1) “AU registered premises shall be provided 
. with a supply of water suitable and suffident for the requirements of these 
regulations”; (3) “The water supply used for watering cows shall, as far as is reason- 
ably possible, be protected against contamination caused by thC drainage of foul 
v.'atcr or otherwise.” 

Construction and cleanliness of premises. Article 13 “No occupier of any 
building, part of a building or shed shall use It as a milking house unless:— 

{a) those parts of the surface of the floor Viable to sotVng by cons am 
impcrs'ious and constructed of such material and in such manner as to render 
it practicable to rcmov-c any liquid matter which may fall thereon and to 
pres-ent. as far as it Is reasonably practicable, the soiling of the cows;* J ,^ 

— V.n. IS 
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(6) the floor is sloped and provided %ith gutters or channels of some 
impervious matenal as to ensure that any liquid matter svhich falls on the 
floor, or in the gutters or channeU is thereby conveyed to a suitable dram 
outside the building and thence to a suitable place for disposal, but nothing 
in this regulation shall be deem-d to prohibit the practice of providing for the absorp- 
tion of such liquid matter into some rcmoscablc material which is afterwards 
disposed of outside the building 

(c) those parts of the surface of any walls liable to soiling or Infection by 
cows arc impervious and capable of being readily cleansed ” 

Requirements (o) and (e) do not apply to a movable ailting shed, “but that 
shed shall be moved with suRicieat frequency to avoid contamination of the 
nulk, ’ 

There arc similar provisions m regard to the nature of the flooring and drainage 
of dairies and milk rooms and parts of the walls liable to splashing by milk 
must be smooth and impervious Such floors and walls must be wahsed down at 
least once a day 

The approaches to all cowsheds, milking houses and milk rooms must be 
kept free from any accumulation of dung or oITcnsivc matter 

Article 21 sUtes that ‘ Milk shall not be handled, processed or stored in any 
place where it is liable to become comammaicd or infected” There follows a 
list of places in which handling and storage of milk are prohibited 

Article 22 requires that adequate washing faciliiies for iljc milkers and all 
persons having access to the milk, shall be provided on the premises 


Milk and Dames (Scotland) Act. 1914 This Aa required local authontics to 
' m^e bylaws providing Inter aha Tor prescnbmg and regulating the structure, 
lighting venttlaiion (including air and floor space) cleansing, drainage, washing, 
I and scaldmg faciLtics. and water suppi es of dames and their anpurtenanU ” « 
1 was not, however, until 1926 that the then Scottish Board of Health issued 
Dairy By specifying the manner of laying down structural standards for dairy 
'r’ by l»w, the rrame- 

,1, . BPvern the general 

{ stiucture of dairy buildings In vnew of the wide diversity m thf <nndards set by 
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fore important that it should be sited so as to give easy approach to a 
Toadway and to the pastures, and convenient access to the dairy and 
foodstores. (See Arrangement of Buildings, p. 166.) A plentiful 
supply of pure water must be regarded as an essential for milk 
-production, and is a matter which must receive the fullest attention 
when selecting a site for, and in the installation of the fittings of, 
"both the cowshed and dairy. Where possible, the site' selected should 
be somewhat higher in relation to its surroundings so as to give a 
•convenient fall for drainage and an easy gradient for the carting of 
manure to the fields. 

In order to reduce the Initial building costs to a minimum ami also 
to economise in working costs, it is a common practice to accommodate 
the whole milking herd in one building. The housing of large numbers 
of cows in an tmpartitioned building has, however, from the hygienic 
•standpoint the distinct drawback that diseases such as tuberculosis and 
air-borne infections may show a tendency to spread somewhat more 
readily through the stock, and especially to heifers in their first 
year in the milking herd. This is particularly liable to happen whore 
the ventilation and general construction of the building are not of a 
high standard. For general health reasons, and also for the easier 
application of control measures against infectious diseases, therefore, 
it is desirable to split up exceptionally large herds into self-contained 
housing units with not more than about 50 animals in each, rather than 
to accommodate a larger number than this in one house. In any case, 
it is always a good practice to adopt some form of segregation with 
(a) first-calf heifers and (b) cows known or suspected to be affected 
with any form of contagious disease, e.g. contagious streptococcal 
mastitis, where propinquity in the cowshed is likely to favour its 
dissemination to non-affected animals. 

Separate accommodation in the form of outside isolation bo.tes 
should always be available for parturient cows, and also for any sick 
animal, whether suffering from an infectious disease or not. 

The health of the herd and cleanliness in the handling of the milk 
arc two of the primary considerations in the planning and construction 
of cowhouses, and these requirements must always be secured if at all 
possible with a minimum of personnel and effort. It is well to 
remember, too, that no amount of expenditure on buildings can 
eliminate the necessity for scrupulous and unremitting care on the 
part of the staff. 

Some of tlie essential points which must be studied in connection 
with the planning and construction of cowhouses are ; — Suitability of 
site ; sufficient cubic space to allow of air change without "draught” ; 
a proper proportion between floor space and total cubic space ; 
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efficient ventilation and lighting ; the general arrangement of the cowr 
in the building ; details concerning the stalls and feeding appliances- 
and construction of the building so that cleansing is easily carried out, 
and so that the labour of tending the animals is reduced to the 
minimum. Questions relating to the general construction, cubic air 
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Interior Layout. The standings in cowhouses may be arranged either 
in a single or in double rows. Where it is proposed to keep more than 
16 to 20 cows, or where there is the possibility of the herd being 
increased, the double-range cowhouse is to be preferred on the grounds 
of convenience, saving of labour, and economy in both floor space and 
building costs. Double-range cowhouses should always have central 
gangways ; whether feeding passages along the side walls be adopted 
or not is probably a matter of individual preference. With a central 
gangway and the two rows of cows facing outwards, the heads' of the 
cows are kept near the fresh air inlets in the side walls, the dung is 
confined to one passage and labour can be saved by using a cart or 
other mechanical means for its removal ; the cows can be tied up 
more readily; and milking can be supervised more effectively. 

The diagrams A to G show the more common plans adopted in 
the internal layout of cowhouses. 

In the single range cowhouse A and its double-range counterpart B, 
the cows stand facing the wall against which are placed the food- 
troughs. In C and D a feeding passage or alleyway is interposed 
bettveen the cows* heads and the facing wall. In E, a double-range 
byre, the cows stand facing inwards with a feeding passage between, 
and a separ.tte milking passage behind each row of cows. A byre of 
the type F is designed to hold four rows of cows under one roof and is 
a combination of D and E. In G the animals are arranged in trans- 
verse rows across the building. 

Types A, B, C .and D have no objectionable features, and all of them 
urc in common use. E, F and G illustrate unsatisfactory layouts, and 
■should not be adopted. Animals should never be placed so that they 
stand facing each other as there is more risk of respiratory infections 
being spread from one to the other, and also because the satisfactory 
ventilation of such a building is more diflicult. Animals should face 
the air . inlets in the walls so as to get the maximum benefit of the fresh 
incoming air. F and G are particularly bad arrangements as with 
either it is very difficult to secure proper air circulation within the 
^ building. | j 

' Internal Dimensions of Cowhoases. Wiiilh. — In the case of a 

'' building intended for the housing as well as for the milking of cows 
S of average sire, such as Dairy Shorthorns, and on the as5um,nion that 
i central ties and wide continuous mangers with low fronts arc to be 
< installed, the minimum internal dimensions for a single-range kayout 
I should be as follows : gangtray 4 ft. ; dung ch.annol 3 It. ; smnduig 
5 ft • manger 3 ft. ; feeding p-issage (optional) 3 ft. ; Total width 

1 of building 15 ft. (or 18 ft.). 
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Fia. 69.— 'Single range cow-shed with side tics, jndi\idual mangers and no 
reeding passage. 
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Similar minimum dimensions apply to a double-range cowhouse 
(Fig. 68) of the same type, except that the central gangway should be 
5ft wide Totalwidthofbmldmg27ft (or33fu) 

In a cowhouse with side ties and low, individual narrow 
mangers, the distance from the wall or feedmg passage to the 
dung clmnnel should not exceed 7 ft 6 m With mangers up to 2 ft 
wide, the point of tjmg should be 2 ft from the wall or feeding 

passage Wider and continuous mangers up to 2 ft. 6 m max be used 

but with these the point of tjmg must be m line 111 * the front kerb 
Tom same as for central t>mg. 

ml r ® “ ) ‘■O'- 
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deeding Passages. Some difference of opinion exists concerning the 
advisability of having a feeding passage in front of tlie cows, or 
-whether it is better to dispense with the passage so that the cows stand 
close to the facing wall. A feeding passage is useful when yokes or 
■similar ties are used as it facilitates feeding, particularly of roots and 
bulky fodder, which can be done more easily from a front passage 
than when the attendant has to push his way to the trough between 
each pair of cows. One end of the passage should communicate 
directly with the food-mixing room, so as to allow a trolley to be run 
straight into the passage in front of the cows. Where this layout is 
adopted, the width of the passage need not be more than 3 ft. It has 
“been noted that the wider a feeding passage is made, the greater is 
the temptation of herdsmen to use it for storing hay and other feeding 
stuffs instead of restricting its use to its more legitimate purpose. 
Instances, too, are not ■unknown where the feeding passage has been 
used as a pen for calves, a practice which is obviously imsound, and 
open to the gravest objection. 

There can be little doubt that feeding passages make for the better 
observation of, and individual attention to, the cows at all times. 
Houses ivithout feeding passages, however, are narrower, less costly 
in erection, and may be more readily adapted for other uses, should 
the need arise. In some parts of the country, particularly in Scotland, 
it must be noted that there is a distinct prejudice against feeding 
-passages, but whether this is well-founded in fact it is not easy to say. 
Many experienced dairymen base their objection to it on the affirmation 
that instead of reducing the general labour in a cowshed, the installa- 
tion of a feeding passage actually increases it, but such reasoning is 
not easy to follow. 

Standings. The actual area on which a cow stands and lies should be 
limited in length so as to prevent the dropping of faeces and urine on 
the floor in such a position that the cow would lie on these excreta, 
thereby soiling the quarters and udder. It is true that this limitation 
of space may restrict tlie animal’s backward movement, but it is an 
essential aid in the production of clean milk. 

If the sL-mding is too big in cither breadth or length its whole 
surface tends to become covered with dung because of the wide range 
of piovcmcnt in all directions which the animal is allowed. When a 
standing is properly proportioned, most of the excreta should fall into 
the dung channel behind the cows. If the standings arc so constructed 
that cows are continually soiling their udders with manure, the labour - 
insohed in keeping them clean is so great that it is seldom satisfact- 
orily done. 
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ShoTild the stalls be too short the cows stand with their hind feet 
perpetually m the dung channel, to the marked detriment of the hoofs 
and fetlocks, and to the obvious discomfort of the beasts both %vhcrL 
standing or lying 

The length of the standing should be such that when the cow is 
standing m a natural manner the heels of her hind legs arc just at the 
border of the channel at the rear of the standing It is, therefore, 
obvious that the length must vary according to the size of the cow 
For small breeds of cows, such as Jerseys and Kerrys, Spier* recom- 
mended a length of 6 feet 10 inches to 7 feet from the facing wnll to 
the gutter edge, for medium size cows, such as Ayrshircs, 7 feet to 
7 feet 3 inches, and for Shorthorns a length of 7 feet 6 inches Thes^ 
dimensions have been found to be generally suitable w here low, narrow , 
individual mangers are installed and side tics are adopted 

■When there is a feeding passage m front of the cows, measure- 
ments may be made from the manger, in which ease the length of 
stoding may be from 4 feet 9 inches to 5 feet 3 inches according to 
the size of the cows to be housed A length of 5 feel from the front 
or the manger has been found suitable for average sized Shorthorn 

WhCT? mangers arc installed 

herH ^ markedly dilTcrent sizes arc included in the same 

c^stra^r.r'u",;'' standings can be arranged bjr 

reduces the cost of constnictm* tending the animals, and 

important consideration If thcy"are^o “s 

and foul the standing with faec^ and!r 

m double stalls tread on narrow the cows, 

maMis are caused by mjunes from tre?i“‘‘ 

animals to 7 fe« e^nch^fm'fc ® ® 

of d feet, and for double stalls a w n't®? *“Sl= stalls a width 
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Flooring of the Standing n,,. 
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slippery, and which will rei^m^ “"'y ‘^®P* o'®an and is not 
surface should be laid wnTT m warm and dry 
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manger to dung channel. Cement concrete, although it has a distinct’ 
tendency to coldness, is otherwise generally satisfactory ; it is relatively 
cheap, easily laid and durable. If allowed to become dirty or if it has 
been finished with a smooth surface, however, it may be slippery and 
dangerous. The cement flooring will be kept drier, and therefore 
warmer, if there is a good bed of loosely packed hardcore of coarse 
rubble underlying the 4 inch layer of concrete, or if hollow building: 
bricks or drain pipes are laid on a suitable foimdation and covered 
over with li to 2 inches of fine cement concrete. To give a good foot- 
hold the finished surface should be rougliened with a stiff broom or 
straight edge, or sprinkled with powdered carborundum. 

Compositions of cork, rubber, and asphalt, either in the form oC 
bricks or laid in situ have been tried for the floors of standings, but 
whilst they may present advantages in the form of resilience and 
warmth, no material of this sort lias yet been devised which is entirely 
satisfactory from the point of view of durability and economy. 

Gangways and Milking Passages. A wide passage behind the cows is 
advisable for several reasons. The eows when entering or leaving the 
shed have room to turn with greater comfort and safety than when 
the space is restricted, and tliere is thus less likelihood of animals 
slipping and falling ; if the rear passage is narrow, the hind quarters 
of the cows are very often in shadow ; the wider the passage, whatever 
the method of lighting may be, the more clearly will the udders and 
hind quarters be lighted up ; with a wide passage, there is less risk of 
dung and urine being splashed into the milk pails when these are being 
carried up and dorvn the byre, or are left standing in the centre of the 
passage during milking ; furthermore, if the passage beliind the cows 
is very narrow the wall will commonly be found to be splashed with 
dung, and the space will be too cramped for the staff to carry out their , 
work efficiently. 

The milking passage in a single-range cowhouse should be at least 
4 feet wide, with a fall of 1 inch towards the dung channel. In the 
the milk. No form of underground drainage is permissible in cow- 
case of a double-range building there should be a central passage, 
slightly cambered and not less than 5_ feet wide. The flooring of tlie 
passage should be of cement concrete, finished with a rough, non- 
slipping surface. Where the back wall joins the floor surface in a 
single-range cowshed the angle should be filled in with a fillet ol~ 
cement, all tlie comers being rounded out ; this important detail is . 
usually omitted. 

• Interior Drainage of the Cowhouse. The interior drainage of cow- 
houses is of great importance because of its close bearing on the 
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cleanliness of the cows and, consequent!), on the h>gcnic qualit) of 
houses The dnm, or dung channel, must be an open channel behind 
the standings running the length of the building, and discharging 
into an open gullc> trap pheed outside the building. The latter is 
connected to a suitable dram or other phcc of disposal which, in the 
interest of herd health, must not be near anj ditch or stream or other 
source of water supply to which coa*s or other f irm stock hat'c access, 
or from which water supplies for the cowshed dairy, etc , may be drawn 
The dung channel must be wide enough to hold dung and such 
bedding as may get into it without becoming overloaded and blocked 
Suitable dimensions are— 3 feel wide with a cro^s fall of I inch avtay 
from standing, and a fall of | inch per cow throughout its length 
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considerable difference of opinion regarding the best depth at the 
passage side. It is thought by many that a channel which is shallow 
at tlie passage side enables a cow to step into it and then on to the 
standing without difficulty, whereas if it is deep (6 or 7 inches) cows 
may attempt to jump the channel and thus may possibly injure them- 
selves. On the other hand, it is claimed that a high back-step to the 
channel reduces tlie amount of dung splashing out on to tlte milking 
passage. Experience would appear to show that a vertical step of not 
more than two inches from the dung channel to the milking passage is 
always to be preferred to one deeper than this. Tire edges of the steps 
at both sides of the dung channel should be only very slightly eased 
from the sharp edge — never bull-nosed or rounded off edges which 
predispose to slipping. 

In some districts the step from dung channel to the milking passage 
is omitted altogether. In such a case, drainage of the liquid excreta 
and washing water is secured by sloping the gangway towards a 
shallow gutter, 6 inches wide and li inches deep at its lowest point ; 
the gutter surface is finished smooth to facilitate the flow of liquids. 
This modification may be profitably adopted in the adaptation of 
existing buildings where the space behind the standings, either in 
single or double-range cowsheds; is too narrow to allow a 3 feet wide 
dung channel in addition to a 4 feet or 5 feet wide passage-way res- 
pectively. 


Mangers. Mangers should be made of some hard, impervious, and 
acid- and alkali-resisting material, and so designed that they may be 
easily cleaned. Timber is not.a suitable material to employ for these 
purposes. Two main types of manger are now commonly used, viz., 
(i) individual glazed stoneware mangers and (ii) continuous concrete 
mangers with high backs. 

■ Individual mangers (Fig. 70) need not be more than 2 ft. 6 in. 
long, 18 in. wide and 8 in. deep (external measurements). Each 
manger should be set in concrete, with its base on the level of the 
standing, and finished with a raised concrete benching at the back and 
sides. If there is a feeding passage, the manger should be backed by 
a dwarf concrete wall to a height of 2 ft. 6 in. from the floor of the 
feeding passage ; this wall is necessary to prevent cows nosing tlieir 
food over the back of the manger. In addition, with this type of 
manger two or three horizontal rails may be fitted above the dwarf 
wall in order to prevent cows attempting to move forward into the 
feeding passage. The supply pipe for pressure feed water bowls may 
be utilised as one of the rails. Tile individual manger has the definite 
objection that its design and method of construction do not make for 



easy cleaning of the trough. This becomes dirty very quickly, 
especially v.licn sloppy fermentable food, wet brewers’ grains, or silage 
arc being fed ; in such circumstances there is need for frequent and 
thorough cleaning, but since this is such a laborious and difiicult 
matter with individual mangers, denning is seldom done cfTectivcly. 

Continiioiu mangers (Tig. 71) arc nude of concrete or stoneware and 
arc now usually fiitcd uiih concrete or metal divisions to make a sec- 
tion for each cow or each pair of cosss. Glared-warc manger linings 
. arc now available ; these arc laid continuously in concrete, c.arc being 
. taken to see that all jointings arc accurate. A lining of this kind is 
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cow to reach food in any part of the manger without undue forward 
movement or straining. The back of the manger next to the feeding 
-passage may be constructed so that it slopes slightly and progressively 
outwards from the floor of the passage to the top of the manger wall ; 
this gives toe-space to a person filling the manger. Fixed concrete or 
movable metal divisions should be fitted to divide tlte manger into 
sections corresponding to each cow ; this ensures that every animal 
gets its full ration of food, without any fear of pilfering by neighbour- 
ing cows. The continuous manger with removable metal partitions 
possesses the great advantage that it can be easily and regularly 
cleaned by flushing with water from one end to the other, a considera- 
tion which is not inconsequent, having regard to the numerous other 
tasks which must be performed in connection with dairying and milk 
production. It has been affirmed that with tlie continuous manger 
without divisions there is a greater risk of spreading tuberculosis and 
other respiratory infections ; this, however, is merely an assumption 
with little foundation in established fact. It would seem rather that 
the system of housing dairy cattle with its close propinquity of the 
animals without any metliod of effectively separating one from the 
-other, affords so great opportunities and so diverse routes for the 
spread of infectious disease, that to determine whether one type of 
-fitment was mote dangerous in spreading infection than another would 
be almost impossible. 

, All food, including hay, should be fed in the mangers. Hay racks 
are quite unnecessary in dairy cowhouses, and in carrying out adapta- 
tions or improvements to old buildings they should always be removed. 

.Stall Divisions. Partitions between stalls are installed for tlte purpose 
of restricting the sideward movement of cows and for preventing them 
from lying across the stalls. Stalls may be single or double, the 
'latter type being recommended in preference to the former. The spill 
- division should not be longer than 3 ft. from tile point of tying. 

Two types of division are suitable for dairy cowhouses : — 

(i) Solid divisions of reinforced cement concrete, built/n situorpre- 
cast, and finished with a smooth, hard surface to enable easy 
cleaning: the divisions should be about 21 in. thick, 4 ft. high at 
the head, sloping to 3 ft. 6 in. at the rear. If partitions are too 
long or too high, the cows may have difficulty in entering and 
leaving the stalls. (Side ties are used with this type of division.) 

>'Xii) Simple tubular metal divisions, usually galvanised iron, for use 
witli central ties. From the hygienic standpoint, this type is 
probably the more satisfactory in that it allows of a freer circu- 
lation of air and facilitates the cleansing of the standings. 
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Securing the Com. For reasons already given cows have to be 
confined to a definite and circumscribed area. It is therefore necessary 
that they should be so tied as to limit their movement. The 
common practice in cowhouses where solid partitions are in use is to 
tie the cows round the neck by means of a chain or rope, the other end 
of which is secured to a ring that has perpendicular play up and down 
a rod bolted to the side of the solid stall division. Some types are 
provided with a means of adjustment to suit the length of the cow. 
All should be fitted with a device to ensure quick release. 

Where tubular metal divisions are inst.aUed, central tying is adopted, 
either in the form of a double chain, all-metal yoke or the Dutch 
chain tie (see Fig. 72). All types restrain the movement of the cows 
to a much greater degree than side tying. 

Food and Manure Carriers. In large byres a great saving of labour 
is gained by using carriers [or the soiled litter and dung and for the 
food. These may run on tracks or on overhead rails, one set going 
direct to the dung pit and the other to the food preparation house. 
The latter should be attached to, or situated within easy reach of, the 
cowhouse. 

Water Supply to Cowhouses and Dairies. On an average, the 
minimum daily requirement of water for stock drinking, cooling 
purposes in the dairy, washing cows and cowshed prior to milking 
operations, and the cleansing of milking utensils, etc. may be pat at 
about 30 gallons per cow. Water should be laid on to the cowhouse, 
cooling room, and the washing and sterilizing room, the taps being 
located at convenient points. The latter should have hose-pipe 
connections in the cowhouse ; similar fittings are also useful in the 
dairy, etc. for facilitating the cleansing of floors. Hand basins should 
always be available to the milking staff for personal washing purposes. 

If a private source of water supply is limited in quantity, or if the 
cost of the quantity drawn from a public main is a consideration, it is 
an economy if water that has been used for milk cooling purposes can 
be made available for further use in the washing of the cows and cow- 
house and for watering tlie stock. Fig. 73 illustrates the general 
method by which this may be done in the case of a supply obtained 
from a well or similar source. 

Method of Watering Stack in Cowhouses. Dairy cows should be 
allowed constant access to water ; the provision of some form of 
automatic water supply in cowhouses is therefore essential. Tliis is 
secured by one or other of the various systems of automatically filled 
— V.H. 16 
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dnnking-bowls, in whicli the water is supplied independently to each 
cow or each pair of cows There are two systems of automatic water 
supply which have proved satisfactory in practice : — 

(0 that in which the dnnkmg bowls have a pressure feed and 

(lO that where the bowls are on a gravity feed with a non-return valve. 

Pressure-type Drinking The prmaple adopted is to 6t the 

inlet-pipe of each howl with a spring valve which can be operated at 
will by the animal by depressing a hinged lever. This allows water to 
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-does not permit free movement of the lower jaw while the animal is 
drinking. In this, connection it should he remembered that the cow 
during drinking is constantly moving ner lower jaw as she swallows 
the water. To allow this natural movement, a bowl which is elongated 
-in shape, instead of circular, has been recommended. The hinged lever 
•of this bowl is .practically vertical so that the animal in drinking can 
■use her nose pad to operate the how of water instead of her lower jaw, 
as is necessary with a horizontally placed lever. By this means the 
now can exert a constant pressure on the lever, thus receiving a con- 
tinuous supply of water, whilst at the 'same time retaining perfect 
freedom of lower jaw movement for swallowing. 

Gravity-type Drinking Bowh. — Jn this system the inflow of water 



to the drinking bowls is controlled by a constant level water-cistern, 
wluch is fitted with a ball-cock control (see Fig. 74). From this 
cistern each individual bowl is supplied by a common pipe, the cistern 
being situated so that the level of the water in the bowls is maintained 
at the desired height. The cistern, which is connected to tlie main 
storage tank, should be fitted with an emergency overflow pipe to 
prevent the possibility of the w.ilcr in the bowls overflowing into the 
manger. 

Gravity-type bowls in which the water is fed directly into the 
bottom of tlic bowl from the common supply pipe possess the great 
disadvantage tliat it is extremely difficult to keep the water in the 
bowls dean and wholesome, since particles of food, stich as fine meal, 
inevitably dropped into the bowls by the cows arc liable to settle in. 
and even block, the common feed pipe, thus giving rise to contamina- 
tion of the water. A more recent development has overcome, if not 
wholly at least partmlly, this .defect. This consists in the insertion 
■of a non-return valve in each incoming pipe where it enters the bowl ; 
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the valve should be so fitted that the water enters, not at the lowest 
point of the bowl, but at 1 to 1| ms from the bottom, thus allowing a 
space for sediment to settle and thereby preventing solid particles from 
getting into the valve and interfering with its closure By this meaiC 
it IS claimed that the water in the bowl is automatically scaled off when 
the latter is filled, and thus back-flow from one bowl to another, which 
would otherwise occur when the water-level in any bowl is lowered b> 
drinking, is prevented 

Postlion of Drinking Bo%Is — The position in which drinking 
bowls should be fitted must be considered in relation to the type of 
stall division, the method of tying the cows, and the form of manger 
In cowhouses with solid stall divisions, side ties and narrow mangers, 
a separate bowl for each cow is desirable The bowls arc placed at the 
back of the manger either m the angle formed by the facing wall and 
the stall division, or centrally between each pair of cows in a double 
standing, the bowls being 10 m to 12 in apart Bowls in the former 
of these positions, and when side ties are used, are said to impede the 
rismg of the cow, and for this reason the central position is probabl) 
the more desirable The height of the bowl should be 2 ft to 2 ft 6 
above the level of the standing floor 

Where yoke or similar close ties and the wide continuous type of 
manger are adopted the bowls should be at the front, not the back, of 
the manger , they are usually fitted to the tie standards on the stand 
mg side with the top of the bowl about 2 ft above the manger front 
Separate bowls, placed between the two cows m the same stall, are to 
be preferred from the disease dissemination point of view to one bowl 
(single or twm) serving two cows 


Boxes, etc Specal accommodation in the form 
of loosc-hoies should be provided for parturient cows The practice 

objectronabte 
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It is not nncommon to find a loose-box actually in the cow-shed or 
leading directly from it. This position for a loose-box intended for 
isolation purposes is obviously wrong, but it is often very useful to 
have a loose-box so situated, provided it is used only for housing 
animals which are lame, or have difficulty in rising, or are suffering 
from some minor upset, and whose milk is still being included in the 
aupply from the farm. 

The Dairy. The size and construction of the dairy will be determined 
by several factors of which the most important will be the quantity of 
milk produced and whether it is bottled on the farm or must be stored 
for any length of time prior to delivery (Fig. 75). 

In any case two separate rooms should be provided, one in which the 
milk is cooled and bulked, or placed in bottles or chums, and another in 
which the chums, etc., are cleaned and sterilized. The milk room must 
be near but not in direct communication with the cowshed. For con- 
venience and for protection in wet weather, the approach to the milk 
room should be roofed where necessary. The manure pit should be 
placed as far away from the milk bouse as possible. It is necessary to 
keep the milk house cool, therefore it should, if possible, have a 
northerly aspect. Good ventilation and lighting are essential. The 
room must be constructed so that it can be easily cleaned ; to allow 
of this, the walls must be smooth, the lower part to a height of 
approximately 6 feet from the ground having a polished cement finish, 
or be faced with tiles or with enamelled bricks. The upper part of the 
walls should be limewashed or painted. A smooth impervious floor 
with good drainage to an outside drain is essential. There must not be 
any. unnecessary ledges or comers in the room. All shelves should be 
of material that c.an be easily cleaned and should have a clearance of 
2 inches from the wall. The room should be made fly-proof with wire 
gauze. This can be easily done as far as the windows and ventilators 
arc concerned by fitting them with a gauze covered frame, but in the 
'case of doors the procedure is not so simple. A satisfactory method 
is to have a double door, that is, one constructed in the usual way of 
wood, and on its inner side having another made of wire gauze 
supported by a skeleton of wood or metal. To this inner door must be 
attached a strong spring which ensures that it is continually closed 
except when someone is actually passing through. If such a method 
'is employed tlic wooden door may be left open to assist ventilation 
when the weather is hot and flics numerous. 

TIic milk room will contain the cooler and clean chums, and also 
any other equipment, such as bottling machines and separators. As it 
is advisable to reduce traific in and out of tliis room as much as 
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possible, weighing and straining the milk should not be done in it, the 
strainer being fixed at a suitable height in a separate milk receiving 
room. After it has been strained the milk would then pass through the 
separating wall via a pipe to the cooler in the milk room. Both the 
strainer and the pipe should be removable for cleaning and sterilization. 

Adjacent to the milk room, a washing and sterilizing room is 
necessary. In this room dirty chums, milking machine parts, bottles, 
etc., are received for washing and sterilization. It should be supplied 
with hot and cold water and steam, and the necessary cleansing and 
sterilizing appliances. 

Finally there should be a separate house for the boiler when solid 
fuel is used. If a gas or electric sterilizer is installed, it may be placed 
in the washing and sterilizing room. 

The Milking House or Milking Parlour System 

On many farms it has been found impossible for one reason or 
another to alter or adapt existing buildings for the production of 
milk in accordance with modem standards, although the buildings, 
after some slight adjustment, may be suitable for providing shelter for 
the dairy herd during the winter months. For example, on some 
arable farms where the farmstead may have been originally designed 
and used for bullock feeding, and where the buildings comprise 
covered or partly covered yards (“courts” in Scotland), the entire re- 
modelling of the layout and animal accommodation in order to conform 
with the requirements for milk production would in most cases be too 
costly, and perhaps also inadvisable in view of the possibility of 
reversion to arable farming at some future date. In these and 
similar circumstances a solution to the problem has been found in the 
provision of a special milking house or parlour, relatively small in size 
and comparatively cheap to erect, which is devoted solely to the various 
procedures connected with tire milking of cows. The existing buildings 
or yards on the farmstead can then be utilized for the general housing 
of the cows, thereby eliminating the necessity for extensive alterations, 
or alternatively the expense of erecting a new and up-to-date cowhouse 
of the type which has been described in the preceding pages. 

There are other considerations, too, which favour a departure from 
the common cowhouse system tmder which the herd is both housed and 
milked in the one building. Thus in addition to the high initial cost 
of the modem cowhouse and its fittings, the dilTiculty of maintaining 
the high standard of cleanliness required for milk production in a 
building where the cows arc also continuously boused .md fed is great. 
Another aspect concerns the health and comfort of the cmi-s ; the 
confinement of anim.ats for long periods without any adequate exercise 
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in a warm and humid atmosphere, such as is commonly found in cow- 
houses, is hardly condudve to the maintenance of an optimum 
standard of health. For these reasons, therefore, the provision of 
separate milking accommodation, and particularly when it is assod- 
ated with the keepmg of the cows in open, or in partially covered, 
yards, has been adopted in many instances through confidence in the 
intrmsic merits of this system, and not necessarily because a cowhonse 
of the usual tjpe could not have been provided. 

The ^in advantages claimed for the special milkin g house as com- 
pared with the cowhouse system may be summarized as follows 

(0 The cost of erecting a new milking house, or the adaptation 
of an existing building to serve the same purpose, will usually 
be less than that for the remodelling of an existmg cowhouse 
or for the erection of a new cowhouse. 

00 operatro^ at milkmg-tirae can be supervised more readdy 
by a responsible overseer 
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> also because no bedding is ever brought in, its atmosphere is' 
relatively free from dust and other particulate matter, and 
clean milk production is thereby facilitated.. 

Some of the disadvantages which have been advanced against the 
anilking house system are ; — 

(i) Danger of bullying in the yards unless the “master” cows 
are separately accommodated, or dehorning is practised. 

(ii) Difficulty of controlling individual rationing. 

This objection is undoubtedly a real one as far as high-yielding 
•cows are concerned. In the milking house system, hay, roots and other 
bulky foods are given in the buildings or yards housing the cows, or 
in the fields, the concentrate ration being fed in the milking stalls. 
The amount of time available for eating concentrates is a matter of 
great importance with high-yielding cows. With cows of average 
yields there should ordinarily be no difficulty, but with cows giving 
1,200 gallons or more in a lactation, experience has shown that ample 
time for feeding, as well as close individual attention, is essential, and 
that, therefore, any form of batch milking is unsuitable for such cows. 

It may be reckoned that a cow requires about two minues to consume 
1 lb. of concentrates. This may involve a period of 10-15 minutes, or 
even longer in indivudual oases, in the milking stall, according to the 
amount of milk being produced at the time by the cow. If this period 
is unduly shortened it is obvious that both the cow and her yield will 
salfec. 7n many heeds at high-yielding coas this diSiadty is now 
overcome by feeding the concentrates, as well as the bulky portion of 
the ration, in the yards. To facilitate rationing, yokes are provided 
at the mangers in the yards so that the cows may be fastened up for 
feeding. 

(iii) Difficulty in controlling certain contagious diseases in yarded 
animals, e.g., ringtvorm, Johne’s disease, contagious abortion 
and some internal and external parasitic infestations. 

No serious trouble need normally be anticipated from this source, 
however, provided the standard of general herd mangement is good, 
nnd due attention is paid to hygienic measures such as removal of the 
accumulated excreta and manure at regular intervals, treatment of 
woodwork in the hards with suitable disinfectant preparations, prompt 
removal of sick or infected animals, and effective quarantine of newly 
purchased animals before their admission to the herd. 

(iv) Unless straw is av.ailahle in large quantities for Uttering the 
yards they quickly become fouled and insanitary. 

This objection is not usually a valid one in wheat-growing districts,. 
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but where oats is the chief, or on!y, com crop, the oat-straw is- 
frequently regarded as being more valuable for fodder than for bedding, 
with the consequence that there will he insufficient for use m cattle 
yards 

General Outline of the System sn Practice —The Special accom- 
modation provided for milking operations may be cither a new building 
specially designed for this purpose or an existing building which has 
been suitably modified The former may take the form of a compara- 
timely small buildmg of pennanent construction, or it may be a Iightly- 
bailt sectional shed svhich, whilst bemg relatively permanent m its 
l^ation, can be taken dorni and re-crected elsewhere (The movable 
shed has the advantage that it can be put up as a tenant’s future, m 
^ch case it is removable to another farm should the need ever anse) 
win'll .o" ‘’"'““'Ss IS to be undertaken there 
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row behind the milking stalls. The first of these arrangements is 
probably preferable, because with separate washing stalls a larger 
building and mote fixed equipment is required. The movement forward 
of the cow after washing into the milking stalls is also a disadvantage 
because the time available for the consumption of concentrates is 
reduced, no food being supplied while the cows are being washed. It 
has peen held by critics of the two-row system that cows are moved 
more often and more quickly than is consistent with the giving of their 
maximum yields. 

Considerable variation in the proportion of stalls in the milking: 
house to the size of the milking herd is to be found in practice. 
Normally the ratio is about five cows per stall, increasing to as many 
as seven or eight cows per stall in large herds. The number of cows 
which can be milked simultaneously in a combined washing and 
milking-stall installation is usually half the number of stalls, one 
milking machine unit being placed between each pair of stalls, i.e., 
there will generally be about ten to fifteen cows per unit, depending 
on the size of the herd. This arrangement allows of every alternate 
cow being given its concentrates at the beginning of the washing 
operations, whilst simultaneously cows in the adjoining stalls arc being 
milked and are finishing up their feed. In the two-row, separate 
washing and milking-stall type of installation, the number of milking 
units is obviously the same as the number of milking stalls. 

Types of Milking House- Most milking houses are of the "walk- 
through” type where the cows enter at one side of the building and 
leave, after milking, at the other. The stalls in such a parlour may 
be placed either “abreast," where the cows stand side-by-side, or 
“tandem,” with the animals standing head to tail. 

For a new.building of this type, a metal framed struclure having 
the wails and the roof of cither corrugated, galvanized iron, or of 
asbestos cement sheeting will be found to be suitable for most situations. 
An alternative type of construction consists of reinforced concrete, 
either built on the site or prefabricated, but this will be more costly 
to erect than the former. A suitable design is a building having an 
open span roof, about 18 ft, high to the caves and 12 ft. to the ridge. 

In the “abreast” type of house the rvidth necessary to accommodate 
a single row of combined wsishing and milking-stalls should be at least 
16 ft., so as to allow not less than 3 ft. 6 in. for an exit passage in 
front of the standings and ample room in the gangway behind tltcm. 
Where there are separate milking- and ts ashing-stalls in a double row. 
a wider building than this will be required, the actual width depending 
on the arrangement of the two sets of stalls. Generally a width of 
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from 20 ft to 25 ft. is allo^^ed when the washing-stalls arc separate 
and situated behind the milking-stalls Where other arrangements of 
the two sets of stalls are adopted, less width will be necessary in the 
milking house The floor should be of 4 in cement concrete, slightly 
roughened on the surface, and laid on a solid foundation of hardcore ; 
It should slope to a shallow dished channel placed about 3 ft behind 
the standings, which connects with an outside gully, and thence to the 
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reduce the length of piping to a minimum the dairy should adjoin, 
the milking'house. 

One of the disadvantages of the “abreast" type of milking Imuse 
is that since the cows arc standing on the same level as the operator 
continuous stooping is necessary whilst the work of preparing the udder 
and milking is carried out.* The *handem^^ type of parlour repre- 
sents an attempt to reduce the tedium thus involved ; the milking 
stalls are so arranged that the cows stand in one row, head to tail, 
and on a floor level some 18 inches or more higher than that of the 
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operator. The building should be about 11 ft. 6 in. wide, the milking 
stalls being 2 ft. 9 in. wide, the outer passage 2 ft. 9 in. and the- 
operator*s floor 6 ft. wide. There may, or may not, be separate 
washing stalls. In this type of house one milking macliine unit is 
provided for each milking stall (Fig. 77). 

It is not always necessary to erect a new building in order to pro- 
vide milking accommodation on the *^parlour” principle. In some 
cases it may be possible to adapt a cart or implement shed for this 
new purpose or, in others, the standings at one end of an existing cow- 
shed may be set aside solely for milking operations. These standings, 
floors and adjacent walls should be constructed for easy cleaning. 

Whatever form of milking house is adopted the two most important, 
principles arc that provision should be made for easy circulation of 

• A “ov'C'Icvcl abreast'* type of parlour is, however, sometimes constnJcie<l 
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the cows throu^ the milking stalls without any confusion ansmg and 
that the dairy should be situated m a position adjacent to the parlour 
In all cases water must be laid on for the cleansing of the buildmg and 
its fittings and for the washing of the cows, and also to the milk room 
or dairy for the coolmg of the milk and for the washing of utensds. A 
^team boiler of sufficient capacity to ensure efficient sterihzation of all 
milking equipment and utensils is to be regarded as a further essential 
appurtenance to **clcan” milk production 


The Open Air or Bail System 

The system of open atr dairying— primarily associated with the 
name of Mr J Hosier who first pracused it, in 1922, on a large 
•scale m Wiltshire— is now fairly common m certain districts. 
In where climatic and sod conditions 
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■Tliis hut should be divided into two compartments, in one of which 
The boiler and engine are housed ; the other and larger compartment 
should be fitted with a perforated metal floor, and used as a combined 
milk cooling and washing room. As an alternative, the cooling of the 
.milk, and the washing and sterilization of utensils may be carried out 
in a dairy at the farmstead, in which case precautions must be taken 
To protect the utensils from contamination during their transport back 
to the bail. 

Working of the Bail System . — For the efficient operation of the 
Tjail, it has been found that the most suitable herd unit consists of from 
SO to 60 cows. The cows are passed in rotation through the milking 
■plant, the bail itself being designed to accommodate either 6 or 8 cows 
simultaneously for washing, milking and the feeding of concentrates, 
^11 operations being carried out by not more than three workers. 

The bail must pe moved to a fresh site each day, and the collecting 
■pen every third or fourth day, if the fullest advantage is to be obtained 
•from the system. To avoid more than one daily moving of the bail in 
■wet weather, a thin layer of clean straw should be spread on the ground 
■within, and at the entrance to, the bail before the commencement of 
-each milking. The regular moving of the bail and the collecting pen 
to fresh ground reduces the soiling of the cows and equipment by mud 
aind dung to a minimum, and prevents undue “poaching” of the 
:ground in winter or during wet spells. 

Working conditions for tlie personnel operating a bail in the open ' 
fields may be very unpleasant during wet or very cold weather, and in 
■winter, therefore, the bail should be located so as to obtain protection 
from any natural break that may se available against the prevailing 
winds. Such a situation, too, will generally also provide some shelter 
for the cows during the time they are in the collecting pen. During 
summer, on the other hand, open situations should be sought in order 
.to take full advantage of breezes in minimising the fly nuisance. 

Where a bail is transferred from the fields to the farmstead for the 
winter, it should be put dotvn on a suitably prepared fixed site, e.g., 
on concrete paving. There should be suflident concrete floor space for 
the bail itseif and for an exit passage not less than 3 ft. wide, together 
■with an entrance gangway at lc.ast 5 ft. wide. To provide shelter from 
the weather the bail should be roofed over with asbqstos sheeting 
•supported by metal, wooden or concrete uprights ; the sides can be 
filled in with smooth metal sheeting. 

The open-air system of dairying, where the only accommodation 
required is a bail milking plant, obviously involves considerably less 
capital expenditure on buildings than docs either the cosvhouse or 
milking parlour systems. It eliminates the laborious prartico of carting 
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dung from the farmstead to the fields, and does not give nse to an> 
prohlems connected with the disposal of drainage On the other hand, 
the production of clean milk under this system may not be easy and 
speaal attention must at all times be given to this aspect The pro- 
■vision of an adequate and suitable water supply for washing and steri- 
lizing purposes and for the efficient cooling of the milk, as well as for 
stock drmbng, is a primary requirement of any system of dairying 
A piped water supply to the fields with service points for the bail is, 
therefore, a great asset, and avoids the daily cartage of a relatively 
large volume of -water from a distant source 

HOUSING OF CALVES 


The eqmhbnum between health and disease is more delicately 
balanced in young than in older animals and, because of this meta- 
bohc instability, bacteria and other parasites not necessarily pathogenic 
for adults frequently cause disease and death in young animals More* 
ov’er the normal relationship existmg between healthy animals of 
ages and their environment, which is so easily upset in young 
domesticated stock, may be disturbed by unhygienic housing or b) 
faulty nutrition Thus m many instances whilst the terminal stages 
u ^ associated with microbic or parasitic invasion of 

the body tissues, the primary cause must be sought m extrinsic factors 
such as those just mentioned. 


Three general pnnaples may be formulated with regard to the 
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and upwards to about one year old, or until they go out to grass, 
may be accommodated in groups of not more than 15 to 20 animals in 
covered or partially covered yards, allowing an area of about 100 
sq. ft. per head for yearhng cattle and somewhat less for younger 
beasts. On the smaller dairy farm where economic and other con- 
siderations do not usually allow of stockyard accommodation, calves 
between the ages of six and twelve months can be housed in groups of 
two or three in loose boxes ; these must be large enough to acconimodate 
the animals in comfort, and are preferably each provided with outdoor 
pens, or alternatively with an exercising-yard common to all the loose 
boxes. 


The Calf-house. Where the pail-feeding system of rearing is 
practised, it is desirable to accommodate the calves in a buiiding 
specially designed for this purpose, and in which each calf up to the 
age of three months can be penned individually; from three months 
onward to about six months of age the calves may be confined in groups 
of two to four animals. The main advantages claimed for the indivi- 
dual penning of the youngest calves are: there is no bullying of the 
younger by the older animals; there is no risk of injury to the navel 
of the newly-bom calf from being sucked by other calves; feeding is 
easier, and each animal will get its proper ration of food; the more 
ready observation of individual calves, and consequently the easier 
detection of illness or other abnormality, is ensured; the risk of spread 
of white scour and other infectious diseases of calves is reduced. 

Since the younger calves will require milk-feeding twice daily, 
the calf-house should be sited in close proximity to the dairy. The 
walls and roof of the building should be constructed of good insulating 
materials in order to mim'mize excessive changes in the indoor tempera- 
ture. The floor must be impervious and should either be properly 
insulated throughout (concrete with air spaces below) or surfaced with 
a material of low thermal conducu'vity (e.g. asphalt), so as to secure 
the necessary “warmth” and yet, at the same time, make cleaning 
reasonably easy. 

Ventilation, Special attention should be paid to the ventilation of 
calf-houses because of its importance to health in housed anirails 
generally, and mote especially because of the case with which normality 
may be upset in young animals by adverse environmental conditions. 
The idea! atmosphere for a calf-house is one that conveys an impression 
of “airiness," being both warm in winter and cool in summer. Tlie 
worst possible atmosphere in a calf-house is one which is humid, 

— V.H. 17 
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-oppressively warm and laden with the effluvia of decomposing excreta. 
"V^ilst a great deal more knowledge is still required regarding the 
precise air requirements of calves, the following have been suggested* 
as approximations for calves up to about tirree months’ old: — air space 
400 to 500 cub. ft. per head, and air flow per head per hour for the 
calf-house 1,000 to 1,200 cub ft. Draughts, particularly floor draughts, 
must be excluded from calf-houses and where there is a risk of ex- 
cessive air currents as in narrow buildings or in e.xposed situations, 
solid pen divisions are reconunended (see below). The outlet 
■ventilators, as in all animal houses, are best placed in the roof ridge. 
The best inlets are hopper windows, one window being allowed for each 
tlmee single pens and pro rata for larger pens. 

Lighting. The lighting of calf-houses should be planned so as to admit 
as much sunlight as possible. This is best attained by hopper Windows 
of the type which can be completely lifted out in warm weather. A 
window of 4 ft. by 3 ft. to each three single pens, i.e. 4 sq. ft. of glass 
per calf, should meet all requirements. Roof lighting should not be 
provided if it is southerly in aspect, because it is liable to make the 
building too hot on warm sunny days. 

Tens and Divisions. A suitable plan of interior layout is to arrange 
the pens along each side of a 4 ft. wide central passage (see Fig. 78), 
which has a shallow gutter along its length on both sides into which the 
Arsannge Jrmn the pens is collected, and which leads to a trapped 
guUey outside the building. A pen to take one calf up to 3 months 
of age should have a floor area of from 20 to 25 sq. ft., about 5 ft. 
by 5 ft., or 6 ft. by 4 ft., being suitable dimensions. From three months 
-to about six months’ old, when calves are kept in groups and, therefore, 
probably require somewhat less individual floor space, a pen having 
an area of 48 sq. ft. (6 ft. by 8 ft.) or 50 sq. ft. (5 ft. by 10 ft.) will 
be sufficient to accommodate up to three calves. 

Partitions between the pens should be about 3 ft. 6 in. high and 
may be either soiid or open, the latter being formed throughout of 
tubular steel rails or stanchions set not more than three inches apart 
The latter have the advantage that they do not impede air circulation 
near ground level. Railed partitions have also the definite advantage 
that they can be made removable, and so allow the conversion of two 
or more small pens into larger units for older calves. Removable 
partitions, too, will greatly facilitate cleansing and disinfection of 'b'’ 


•See N.V.M A. ‘‘Mcmonindein on Fann Buildings 
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calf-house and its fittings in the event of an outbreak of infectious 
disease. 

Solid partitions are best constructed of concrete or of metal 
sheeting. Because of its porous surface, which allows lodgment^ for 
dirt and, therefore, for bacteria, brick is less suitable. Solid partitions 
ate to be preferred in houses which are liable to unavoidable draughti- 
ness. It is claimed for solid partitions that they separate the calves- 
more efi’ectively and so make the transmission of disease more difficult. 
Tlus alleged advantage is probably more hypothetical than real, 
especially in the case of air-bomc infections. It gnn, however, be^ 
held with some truth that solid partitions do bar the transference of 
excretal contaminations from pen to pen at groimd level, as well as 
preventing calves from defaecating directly into adjacent pens as may 
easily happen with railed partitions. To meet these objections, and 
also to secure the supposed benefit of calves seeing each other, a com- 
promise between the two types of partition may be adopted. Tins con- 
sists of solid concrete partition to a height of 2 ft. 6 in. with three- 
horizontal tubular iron rails, each 4 ins. apart, set above this, the 
whole partition being 3 ft. 6 in. high. 

It is believed that there Is less risk of communicating contagious 
diseases via the front of the pens, and hence rads or other open work 
are usually adopted here. These can be provided with openings which ' 
allow the passage of the calTs head, so that it can feed from a pail or 
trough placed in a suitable fitment outside the pen. A gate, 2 feet wide, 
is n^Mry m each pen; this should open outwards, and be capable 
of lying flat against the front partition of the pen 

const'ruction of calf-pn>5. 
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especially during the pre-weaning stage, with the result that the calf 
becomes thirsty as well as hungry, and tends to gorge itself with milk 
if given the chance. The water provided for young calves should have 
the “chill” taken off during cold weather, as the feeding of warm milk- 
at one time and the drinking of ice.K:old water at another may quickly 
lead to digestive upset. Young calves are best offered water from a 
bucket, but after weaning and when the calves are kept in groups in 
larger pens, the installation of automatic water-bowls is the best method 
of making a supply of fresh and clean water available to the animsls 
whenever they need it. 


■Other Fittings. It is very desirable that all the fittings of calf-pens, 
including those for water supply, should be removable, in order that 
they may be regularly and properly cleansed, and also so that all parts 
of the fitments can be submitted to complete and effective disinfection 
between different batches of calves, or, in the event of an outbreak of 
infectious disease, before healthy calves are admitted to the pens. 

The feed-bowl, or trough, may be fitted cither inside or outside the 
pen; in the case of the lattersituation, which is probably the better 
one, the front partition of the pen must have an open panel to allow 
passage of the calf’s head. A bucket-holder is necessary for the feeding 
of liquid food from a pail in order to prevent spilling; this also may 
be fitted either inside or outside the pen. 

The best method of feeding hay to young calves in from a hay-net, 
since the meshes of the net prevent a calf- from taking larger portions 
of hay than it can deal with at one time; this restriction obviates waste 
of hay through its being dropped on the floor and soiled. For the 
larger pens holding groups of calves, a low hayrack, having spaces 
between the rails or slats not exceeding 2 inches in width is probably 
more satisfactory than individual hay-nets. The rack may either be 
fixed on the external wall, in which case it may run from end-to-end 
of the calf-house, or alternatively it may form part of the partition 
facing the central passage and in this case may be either separate 
from, or combined with, the feed trough. 

Raised slatted floors made of heavy metal laths or of heavy-mesh 
wire are sometimes used in the United States, whilst in this country a 
raised sleeping platform of closely slatted hardwood set at about 12 ins. 
above floor level, has been recommended. If, however, a floor has been 
constructed with properly laid concrete and is correctly insulated from 
the ground below, these additional refinements ate unnecessary and 
even undesirable, since they arc less easily kept clean than a plain 
concrete floor surface. 
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Fio. 79.— Bull Bo* ^n<I Yard— Plan. 
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HOUSING OF BULLS 

Tlicre is a groiving appreciation of the necessity for higher standards ' 
in hull management than those that have customarily been practised 
in the past, and one aspect of this is the realisation that the accommo- 
dation provided for stock bulls on many farms is very unsatisfactory. 
Common faults in connection with the housing of bulls include badly 
lit and poorly ventilated quarters, restricted space for exercise, and 
the complete isolation of bulls from the contact or sight of all other 
stock. The practice, too, of keeping the bull in a standing in the 
cowshed is one which must be stron^y deprecated, firstly because of 
the difficulty and danger which must arise in controlling a vicious 
bull in such a situation, and secondly because, when bulls are housed 
in this way, it usually means that they are tied up all the year round, 
except of course when they are led out for service. Continued standing 
on a hard concrete surface, where a bull has b'ttle or no opportunity . 
of altering his position, leads to overgrowth of the hooves and in time 
to an alteration in the alignment and conformation of the limbs, which 
is produced by the uimatural stance which the animal is forced to 
adopt on account of the excessive growth of horn on its feet. In 
addition, close confinement and lack of exercise have more direct effects 
on a bull's breeding power. A bull so kept tends to become overfat and 
slow at service, and there is also some evidence to indieate that lack 
of exercise in itself may adversely effect sperm production, and entail 
a lowering in the bull’s fertility. 

The main considerations in providing accommodation for bulls 
may, therefore, be summarized as: (1) Safety and ease in handling; 

(2) a comfortable loose-box or shed for protection from the weather; 
and (3) provision for exercise. Due attention paid to these points 
should help to maintain herd sires in good health, vigorous, and in 
a high state of reproductive efficiency. 

If the bull were a subject which was in all circumstances, and at 
all ages, tractable and easily handled, the ideal arrangement for ■ 
keeping him would be a paddock of about one or two acres in extent, 
strongly fenced and provided with a loose-box or open shed for shelter 
not only against inelement weather, but also as a refuge from direct 
sunlight on warm, summer days. It is important to ensure that a 
paddock or otlier enclosure in which a bull is confined shall have a 
substantial fence, for experience has shown that after a bull has once 
broken tlirough a fence, it is mueh harder to keep him in subsequently. 

Tlie fence requires to be 5 or 6 feet high, i.c. too high for a bull to 
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Fio. 80.— Bull Box Bnd Yanl— Elc%atloo. 
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jump over. Solid fences wliich obstruct the bull’s view are not 
advisable; suitable fencing materiids are wooden spars or rails, tubular 
iron piping, or a combination of heavy gauge wire and barbed wire. 

Unfotunately, bulls of most of the dairy breeds tend ivith 
increasing age to become bad-tempered and sometimes unruly to 
handle, and consequently consideration for the safety of attendants 
usually demands that older bulls at any rate shall be more closely con- 
fined than is possible in a paddock. The most satisfactory type of 
accommodation is a strongly built loose-box to which is attached a 
suitable fenced exercising-pen or small yard. (See Figs. 79 and 80.) 
The area of the exercising-pen should be at least 400 sq. ft., with a sur- 
face of roughened concrete to prevent sh'pping. 

Loose-boxes for bulls should have 150 to 200 sq.ft, of available 
floor space. They should be well ventilated and well lighted. Day- 
light should be admitted from hopper windows set high in the wall, 
or from roof-lights provided they do not face directly south. Floors 
should be of roughened concrete, properly insulated, and with a slight 
slope draining to the outside of the box. Each bull-box should have a 
main entrance of the half-door type, 4 ft. wide and 7 ft. high, the 
upper part of the doorway having two strong battens or bars across 
the opening to prevent any possibility of a bull jumping the lower 
door when the upper half is left open. Provision should be made on 
the opposite end of the box for a means of exit, either to a feeding 
passage or yard, i.c. to outside the bull’s quarters altogether. 

It is almost indispensable to have some means of feeding a bull 
without entering the box. This can be done either by partitioning off 
a feeding passage at one end of the box by means of metal stanchions 
which allow access to the manger, or, where this is not possible, by 
inserting in one of the end walls a shuttered opening which gives access 
to the manger inside the box. The best method for watering is by an 
automatic water-bowl. 

Some means must be provided for catching and tying-up the bull 
while his quarters are being cleaned out. This may conveniently be 
•done by fixing a strong ring outside the box near the access opening to 
the manger, and to which he can be tied when feeding. The manu- 
facturers of cowhouse equipment supply a tubular steel corner bull-tic, 
which lias proved a satisfactory device for tlie restraint of bulls. With 
this tie there is incorporated a salt-glazcd manger, which is firmly set 
in concrete. Tlie essential part of this fitting consists of a yoke of 
tubular stanchions set over the manger, and through which the bull 
has to put his head to reach food in the iminger. The yoke can be 
operated from outside the box, tlius obviating the necessity for entering 
the box in order to caich and secure the bull. 
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Service Crate. A safe and useful arrangement for handling a difficult 
bull, and indeed for any bull, is to have a service crate or pen built as 
part of the bull-housing unit. This may be constructed either in one 
corner of the outside yard or pen, or it may be placed completely out- 
side the yard proper. In either case, the route by which the bull enters 
the crate is via a swing-gate, which is worked so that it is unnecessary 
for an attendant to have to enter the yard to catch the bull for service. 
With particularly vicious bulls, an additional safeguard is to have a 
Steel cable running overhead throughout the length of the box, yard 
and breeding-crate, and to which the bull is attached by a short length 
of chain. This chain is provided with a spring-hook at one end info 
which the nose-ring is clipped, whilst at the other there is a ring through 
which the cable wire runs easily. 

. The arrangement of a service pen with access from the exercising 
yard, is shotvn in Figure 81. 


HOUSING OF FATTENING CATTLE 

Cattle which are being fattened during the winter may be confined 
either in cattle courts or yards, in stalls, or in loose-boxes. 

Stalls. More often than not a disused cowhouse will be the premises 
in which stall-fed beef cattle are housed. If a special building is being 
erected then it should follow the general lines laid dorvn for the con- 
struction of byres for dairy cows. Feeding passages are most usefuf 
but there is not the same need for smooth impervious walls to the 
building as there is svhen it is used for dairying purposes. If a building 
is being constructed specially for housing beef c.attle then its dimen- 
sions should be such as svill allow it to be readily adapted for other 
purposes should there be a change of fanning policy. 

Courts. Tlicse may be either open, partially covered or covered, 
depending upon the prevailing climatic conditions ; similarly the 
amount of side protection otfered by the walls can be v.iricd. In tlie 
open yard, shelter is frequently provided in the form of an open- 
fronted building across one end of the yard the back and two sides 
of tire building being walled or sheeted. Wooden or tubular metal 
rails constitute a fence on the other three sides of the yard. Mangers 
arc provided under the sheltered portion and tJie svnter supply is cither 
from a trough or from automatic svatcr bowls. 

Covered or partially covered yards should have walls which arc 
solidly constructed to a height of 4 ft. 6 in., and sheeted above that to 
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the desired height This hei^ will depend upon the amount of pro- 
tection required but in all cases an openmg should be left between the 
lop of the sheeting and the eaves Asbestos cement sheeting can be 
used for this upper portion of the walls and it is also a serviceable 
material for roofing The roof may cover the entire yard or merely 
the portions nearer to the walls leaving the central part open to the 
sky 

An area of about 100 sq ft per animal should be allowed m the 
yards though this figure may be reduced to' a minimum of 60 sq ft* 
when large numbers are kept 


HOUSING OF PIGS 


In recent years increasing emphasis has been placed upon the un 
■poitant relationship which exists between housing conditions and health 
and productivity in pigs Unlike most domestic animals which possess 
coats eithCT of wool or thick hair, the pig js but poorly protected 
a^mst cold, such hair as it has being ineffective m this connection 
in tne older pig compensation is provided by the thick layer of sub* 
yoimg pigs, lacking this, art 
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adopted. Thus the breeding and rearihg of pigs requires accommoda-- 
tion different from that needed for pigs which are being fattened, 
whilst the type of housing is also dependent upon whether an outdoor 
or indoor system is followed. 

Outdoor accommodation for Breeding and Rearing. Under the 
outdoor system of management accommodation is required firstly for 
sows and gilts, both empty and in-pig, and then for farrowing and for 
the subsequent rearing of the young pigs. 

In-pig sows and gilts are usually run together in groups of up to 
twenty and allowed free range. Electric fencing may be used to limit 
the area, a single strand usually being sufficient though a double wire 
may be necessary when the pigs are first introduced. The shelter pro- 
vided maybe only temporary and constructed from straw, wire netting, 
corrugated iron and hurdles or a more permanent type of building 
may be used. In the latter category are large movable wooden huts 
or huts of the Nissen type, the main essentials being that they should 
be water-proof, give protection from the prevailing winds and, 
especially in cold, wet districts, be provided with a strong wooden floor 
which is kept covered with clean litter. Light, well-drained land is 
desirable for this system of management and whatever type of shelter 
is provided it should be moved often enough to prevent the surrounding 
ground becoming fouled and badly poached. 

For farrowing and rearing small wooden huts, either rectangular 
with a sloping roof or in the form of arks, are frequently used. Each 
hut will accommodate one sow and her litter. The sow is tethered by 
means of a harness and chain the latter being secured to a pin in the 
ground and of just sufficient length'to allow the sow to enter and lie 
down in the house provided for her. The sow should be tethered ten 
days or so before the time when she is due to farrow and remain so 
tethered until her offspring are weaned. The huts and tethering pins 
must be moved frequently. Alternatively, farrowing and rearing 
quarters may be provided in fold units, that is portable wooden huts 
about 8 ft. square with attached runs, 10 ft. in length, constructed 
from galvanized sheeting on wooden frames. The huts should be fitted 
with skids so that they can be readily moved by means of a tractor or 
horse. This movement on to fresh ground must be carried out at least 
every other day owing to the limited area of the run. In some cases 
whilst the in-pig sows ate run out at pasture they are brought indoors 
for farrowing and for the subsequent rearing of the piglets. The type 
of farrowing pens provided will be similar to those described on 
page 261. 
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Accommodation far Fattening Pigs. Store pigs may be kept out of 
doors up to the age of twelve to fourteen weeks, being either run at 
pasture with huts provided for housing, or kept in yards which are 
either partly covered or have some form of shelter opening on to them. 
Fattening is sometimes carried out in yards, the pigs being kept by 
themselves or, occasionally, along with cattle. In the latter case the 
pig feeding troughs should be placed in a fenced olf portion of the 
yard with a “creep” through which the pigs are able to pass but which 
prevents the cattle having access to the pigs’ food. 

Fattening, however, more usually takes place in some type of house, 
ranging from the sty with the open run to the totally enclosed pig/house 
containing a number ofvfeeding pens and possibly acconunodation also 
for breeding sows and their litters. 

The materials used in the construction of permanent pig houses will 
he to some extent determined by local circumstances, but certain prin- 
ciples may be laid down. Outside walls should in all cases be con- 
structed with a view to conservation of heat within the building during 
cold weather and for this purpose 11 in. brick cavity walls are best 
and a proper damp course should always be provided ; if concrete 
is used it should be al least 8 in thick. The inner surface of the 
walls of the building and the partition walls of the pens should 
be given a smooth, hard face with cement, the walls to a height of 
at least 4 ft. and the partitions on all surfaces and top edges. 
Asbestos cement sheets tire useful for roofing but, whenever possible, 
the roof should also be lined with some suitable lining-board. Tiles 
or slates may be used instead of asbestos cement sheets but these will 
increase building costs considerably. For the proper functioning of the 
Scandinavian type of piggery a ceiling should always be provided (see 
below). 

Concrete floors are satisfactory provided they are air-insulated by 
one of the usual methods and arc properly sloped for drainage purposes. 
Troughs of glazed earthenware or galvanized iron are more satisfactory 
than those of concrete which arc apt to become pitted and difficult to 
clean. Provided they arc kept clean, fixed troughs arc generally to be 
preferred to movable ones ; the latter have the advantage that they 
can be taken out for cleansing but, on the other hand, are usually 
easily overturned by the pigs. 

The type of accommodation provided may be cither in the form of 
a series of enclosed pens with open runs adjoining or, alternatively, 
a totally enclosed pig-house on the Scandinavian principle but modified 
in accordance with usage in this country. In each case the unit may 
consist cither entirely of fattening pens or provision may also be made 
for a series of farrowing pens. 



scaainaviaa Pig Home 
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Fig. 82 is an example of the “in-out” system i.e., a range of pens 
with open runs attached. Feeding troughs are placed in the open 
runs and a central passage facilitates access. Essential measurements 
are shown in the diagram. If desired a hanging sackcloth can be fitted 
on the openings between the pens and the runs to lessen draughts and 
maintain warmth in the pens. 

TAe Scandinavian Piggery- The completely enclosed type of house 
of Scandinavian origin has been widely adopted in Great Britain but 
very frequently has failed to give satisfaction here owing to the fact 
that several of the most important features of the original have been 
ignored. 

A typical Scandinavian house is shown in Fig. 83. Tlie pens are 
arranged on either side of a central feeding passage, those on the one 
side being for sows with litters and those on the other for the rearing 
and fattening of pigs after weaning. Each pair of the former is 
separated by a narrow pen designed for the tending of young pigs. 
At the back of the pens on each side there is a passageway from which 
the pens are walled off except for a narrow door. When all these pen 
doors are in the open position the passage is divided into sections 
separate from each other, and each section acts as a dunging passage for 
the pigs in the pen wliich communicates with it. For cleaning out, the 
doors are closed towards the pens and the whole length of the passage 
is open for the removal of dung by barrow. In many cases these doors 
constitute the only means or entrance to the pens in order not to reduce 
the amount of trough room available on the feeding passage side. The 
troughs are arranged so that they may be readily filled from the feeding 
passage, the wall over the trough frequently being made in the form 
of a shutter hinged above so that the trough can be cut off from either 
the passage or the pen as required. Alternatively, instead of this 
hinged shutter a fixed partition may be set longitudinally but not 
centrally over the trough allowing enough room for food to be poured 
in from the gangway but not enough space for the pigs to escape. A 
bacon weight pig requires not less than 12 in. of trough room and, 
apart from dunging space, about 9 sq. ft. of floor space. 

The original Scandin.avian form of piggery was built so as to 
provide as much protection as possible in severe climatic conditions. 
Important points in this connection are the prowsion of an insulating 
loft overhead, a thick bed of ashes or hollow bricks under the concrete 
floor, walls 16 ins. thick with a considerable cavity filled with dry ashes 
and, in ntany cases, heating stoves. In modifjang this type of piggery 
to conditions in this country, many of these features liavc been ignored 
on the grounds tiutt climatic conditions are less severe here, but in 
— V.II. 18 
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consequence the resulting buildings have been cold and damp and have 
frequently been the cause of much unthriftiness and many losses 
especially in young pigs. 

The Scandinavian piggery illustrated in Fig. 83 has a complicated 
ventilation -system with inlets in the form of cranked flues high up in 
the walls and continuous outlet ducts near the floor communicating 
with vertical flues in the walls thence to central outlet shafts passing 
through the loft to the ridge. In some buildings provision is made for 
warming of the air at the point of inlet. 

The difficulties associated with providing proper ventilation and at 
the same time maintaining an adequate temperature have already been 
■discussed (see pages 136 and 140). The complicated Scandinavian 
■system is probably unnecessary in most parts of this country but some 
authors have suggested that provision for heating incoming air might 
be advantageous in some situations. Under ordinary conditions, how- 
ever, in the absence of any well-attested standards it can only be recom- 
mended that outlets should be at the highest possible point and inlets 
In the side walls either in the form of hopper windows or specially 
constructed ventilators. Both inlets and outlets should be adjustable 
so that they can be closed to the degree necessary to maintain a reason- 
able indoor temperature in cold weather. Lighting may be either from 
roof or wall lights which should be placed so that the pigs are not 
exposed to strong direct sunlight for long periods (see page 1 62). 

A pig-rearing house which retains some of the features of the 
'Scandinavian system is shown in Fig. 84. The rearing pens are graded 
in size from 9 ft. by 9 ft. 9 ins. up to 12 ft. by 9 ft. 9 ins. exclusive of 
the dunging passage which is 3 ft. 3 ins. wide. Farrowing pens are 
9 ft. by 9 ft. 9 in. As shorvn in the diagram each pen is provided 
with a wooden bed but if there is a welj-insulatcd concrete floor this 
may be dispensed with. The whole building, with the exception of the 
loading portion in the centre, is covered with a loft. Inlet ventilation 
is provided by hopper windows and outlet through the space-boarded 
loft floor and thence to the ridge where the corrugations of the roofing , 
permit egress of foul air. Asbestos cement sheeting is preferable to 
corrugated iron for the roof. 

Shanks* has given special consideration to the problem of heat 
■conservation in pig houses and Laraont T has described the modification 
of a piggery in Northern Ireland in order to achieve this. This piggery 
consisted primarily of a large concrete building with a concrete floor 
and was divided into a number of pens separated from each olbcr and 
from'a central feeding passage by a concrete wall 4 ft. high. Each 


* Shanks. P. L.. tisitt). IW. See., S-t. 233. 
mont, H. C. Luke, D., and Gordon. W. A. M. (1950). Vrf. Ker., 62, 737. 
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Farrowing Pens. When indoor pens are provided for farrowing the 
dunging passage may be dispensed with if desired, since the amount 
of dung to be dealt with is comparatively small. Some means of con- 
serving or providing additional heat in these pens is desirable in the 
form of either electric radiators or a covering for the sleeping floor of 
the pen at a height of about 4 ft. from it ; this covering may be of 
simple construction' consisting either of boarding or of a wire netting 
frame upon which sacks can be placed. A farrowing rail may.be fitted 
to the walls of the pen at a height of about 8 ins. from the ground and 
projecting 10 ins. from the wall. Such a rail is designed to prevent 
•cnishing of the young pigs during the first few days of life. In 
addition, facilities for “creep” feeding should be made either in the 
fosm of a railed-off portion of the pen to which only the young pigs 
have access by means of a small aperture (Fig. 85) or as in Fig. 83 
by constructing a narrow pen between each pair of farrowing pens and 
then dividing this into two by a partition parallel to the leeding 
passage ; access from the farrowing pens on cither side is by means of 
small pop-holes so placed that the two litters are separated by the 
partition. 

Farrowing Crates. The farrowing crate is designed to reduce losses 
from crushing of young pigs by a heavy sow during the first week of 
life and' is often regarded as more satisfactory than the provision of 
farrowing rails in an ordinary type of pig pen. 

The crate consists of a wooden “box” for the sow with ne.xt boxes 
at ground level on either side for the young pigs. Suitable measure- 
ments for the crate are 7 ft. long by 2 ft. 6 ins. wide by 4 ft. high. 
The sides terminate 9 ins. above the floor so that a space is left by 
which the young pigs have access to the sow from the nest boxes. The 
ends of the crate consists of doors which slide upwards to open. The 
nest boxes should be I ft. 3 ins. wide and 1 ft. 3 ins. high sloping to 
.about 10 ins. on the outside and fitted with a hinged lid. One box is 
attached to each side of the crate and they extend along its full length. 

The crate should be of substantial construction and there should be 
means of adjusting the internal space available by means of boards 
which fit on the inside. This is necessary to limit the movements of a 
small sow which might be a source of trouble if the crate was too large 
for her. 

The sow should be placed m the cr.atc a day or two before she is 
■due to farrow and svill remain there with her litter a week to ten days 
afterwards, being allowed out tsvicc dally for feeding and defaecation. 
•She should not require any attention during farrowing and the little 
pigs soon take advantage of the boxes in which should be placed cither 
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short cut straw of chaff After the crate has been vacated by the sow 
and her htter it should be cleansed and disinfected before being used 
again 


HOUSING OF GOATS 

Milking goals should be housed m buildings which are dry and 
well ventilated and are capable of being kept reasonably w'arni in the 
winter months In present circumstances it will usually not be possible, 
owing to shortage of materials to construct a building speciall> for 
housing goats, but existing premises, a disused stable or poultry house 
for instance, can often be readily adapted for the purpose 

The goats may be kept either m loose-boxes or m stalls A suitajile 
size for loose-boxes IS 4 ft 6 ins square with walls 4 ft high. When 
stalls are used they should be 2 ft to 2 ft. 3 ms w ide, 3 ft 6 ins deep 
and diMdcd b> partitions 4 ft high in front and 3 ft high at the back. 
Strongly constructed ha> racks with bars about 2 ins apart, and iron 
9 ms in diameter into which food and water pails can be inserted 
should be provided The best material for flooring is cement concrete, 
laid with air spaces and suitabl> sloped for drainage purposes The 
goats ma> be bedded on wheat straw peat moss or other suitable litter, 
or raised, slatted, sloping platforms constructed from 2 ins by 2 ins 
timber may be used which fit either into the stalls or into a comer of 
he loose box as the case may be Inlet ventilation and lighting art 
Sn^posM^ 'Windows with a,r outleti at the ndge^ 

u "P “’"ans of collars and chains, 

the “P ^ bar fixed to 
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HOUSING OF POULTRY. 

For the maintenance of good health in its widest sense, in poultry 
as in other animals, there are two main essentials. First, a sound, 
vigorous constitution in the stock— and second, the management of the 
birds, which includes housing on hygienic and sanitary principles, care 
of the land on which the birds are kept, and proper feeding. Stamina 
is an important factor, and birds that have inherited great consti- 
tutional vigour seem able to thrive, for a time at least, under the most 
unfavourable conditions. Sooner or later, however, disaster is bound 
to overtake the poultry keeper who houses and manages his flock in; 
defiance of the laws of hygiene and sanitation. 

That fowls do respond to good housing is now generally admitted, 
and the modem poultry farmer realises that he must lay out a con- 
siderable amount of capital on housing if his business is to be 
successful. 

■ While the cleaning and disinfecting of the houses is a compara- 
tively simple operation, maintenance of the surrounding land in a 
clean and fresh condition is one of the greatest problems with which 
the poultry keeper has to contend. Fowls are susceptible to infection 
by a large variety of bacteria and internal parasites, and it is im- 
possible to keep birds on a restricted area for any length of time with- 
out marked ill-effects on health and egg production. Fresh pasture 
which has not carried poultry previously is ideal for keeping up egg 
yield and for maintaining the health of the stock. Few poultry keepers, 
however, have imjjmited land at their disposal, and they must adopt 
the method of housing and management best adapted to the condi- 
tions. The colony system, the folding system, the alternate run sys- 
tem, and the purely intensive method, are all attempts to overcome 
the evils arising from "tainted” land. 

Types of House for Laying Birds 

Poultry houses are of many types and sizes and each type is asso- 
ciated with a definite system of management. Thus, one type is 
specially adapted for free range, where a large area of land is avail- 
able, another for semi- or total confinement, and so forth. The various 
types include: — (I) The large permanent house, (2) the portable solid 
floor or slatted floor colony house, (3) the fold unit, (4) the straw 
house, and (5) the stone or brick house. 

(1) The Large Permanent Hottse. Tliis type is particularly suited 
to the intensive method of poultry keeping. The birds arc kept 
cntirclv indoors, either on solid floors with litter or in individual lay- • 
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ing battery cages. It is aiso used for the scmi-inlcnsive, or altcmaH? 
run system, but here a major disadvantage is the contamination of the 
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^ Tinder one roof. A drawback is that large permanent houses are 
j -expensive to erect and maintain, but increased egg production over a 



-period of years may offset this Broadly speaking, they arc of two 
jiattems, the lean-to and the span roof The latter is to be preferred. 
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as ventilation is more casil> controlled The half-span is the most 
common t^Tpe particularly for balicrj uorh* but the three-quarter span* 
IS also used Some of the features of a house suitable for the hceping” 
of fowls on the solid, littered floor system mentioned above are first 
dealt with — 

Size — A usual width is from 10 to 12 feet for a medium sized 
house, while for a large house measuring up to 100 feet in length, a 


Fig 88 -Intenor of a Lay.ng Battery House 
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shutter already mentioned, there should be windows all along the front 
of the house, arranged to fall inwards. Adjustable windows should, 
also be placed just above the floor level at the back of the house, so 
that the whole of the floor space may be well lighted. 

Height —This will vary according to the size of the house, and may 
be from 7 to 10 feet at the ridge and from 4 to 5 feet at the eaves. 

Roof — A well-protected, rain-proof roof is essential. Wood, covered" 
with one of the patent preparations of felt, is most commonly used. 



Fio 89 — Small Solid-door House 

Fillings — ^These consist of perches, dropping boards, nests, food 
hoppers and water dishes The perches should be 2 inches broad and 
placed not higher than 3 feet above floor level A perching space of 
8 to 12 inches may be allowed for each bird Helow the perches are 
placed dropping boards, which, like the perches, should be removable. 
The nests may be placed at the ends of the hou-^e away from the direct 
hght and should be provided with some means of closing at night. 
One nest for every three or four birds is ample. The dry mash hoppers 
should be of sufficient size to enable a nimber of birds to feed at once. 
One or two long hoppers are better than a number of short ones. 
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"Both hoppers and water dishes should be raised up from the floor to 
-prevent the birds filling them with litter The floor of the house may 
be covered with straw, chaff or peat moss litter, which should be re- 
newed as soon as it gets damp, dusty or dirty 

Large houses may be divided into sections, but m any case it is 
advisable to put short partuions across at intervals, so as to eliminate 
the danger of draughts 

In the case of ihe laying battery system the house may be of much 
the same design as already described, but particular attention must be 
given to Its dimensions m order to allow of ease of v orking between 
the baitery units and yet ensure the maximum use of the floor space 


available (See Fig 88) The laying cage must be so constructed that 

it is readily cleaned and that egg eating is avoided 

The Deep Litter System is a modification of the intensive system 
where, instead of a thin layer of litter which is changed frequently, the 
litter IS allowed to accumulate over a period of a year or more The 
successful operation of the system de^pends upon the correct manage' 
ment of the litter, euher wood shavings or chopped straw being best 
JOT the purpose To commence the p’oce.s the floor of the building 
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tird will be sufficient floor space, as the fowls will spend a large parir 
of their time out of doors 

(b) The Slatted Floor Wbi/se— This type has become popular on 
farms for the reason that it saves labour and entails a smaller initiaf 
outlay per bird than the preceding Its chief feature is a floor consisting 
of wooden shts, placed about 1 inch apart, on which the fowls sleep. 
Removable dropping boards or trays arc placed a few inches below 



the shts The ends and sides of the house below the shts are open, 
which gives a constant circulation of air under the birds, and there is 
also ridge ventilation The house is fitted with nest boxes, food and 
water vessels, but there are, of course, no perches The usual allow- 
ance of floor space is about 1 square foot per bird, as against 3 4 
square feet in the sohd floor type As the house is only used for 
sleeping quarters, plenty of land is necessary, and not more than 100 
birds to the acre should be allowed For winter egg production this 
house is less suitable than the sohd floor tjpe as it provides little 
comfort for the birds during inclement weather 

(3) Fold Un.t, Tins is usually apical in shape to avoid damage by 
other classes of stock Each unit is self contained, holding 15-20 birds. 
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-with a slatted floor, sleeping and nesting compartment at one end, and 
wire netting mn at the other. The overall size of the unit is usually 
about 18 feet long by 5 feet wide, including the sleeping and nesting 
cZartments which is about 5 feet square. There are no dropping 
boards under the slatted floor, the faeces falling through on to the 

®'°S'-unit, which must be of light construction compatible with 
structural rigidity and strength, should be moved to fresh ground 
.daily, thus preventing land contamination and ensuring adequate 

iticiribiition of the manuie (Fig. 91). 

Tte system is followed mainly by the general farmer who has ample 

light, level land available. 



Fla. 92. ^Wooden Chicken Coop and Run. 
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The Housing of Chickens 

There are many methods of housing chickens, from the oldest and 
simplest— the broody hen and coop— to the latest and most comph^ 
cated— the electrically heated battery brooder 

The Hen Coop, Coops may be of metal or wood and arc of \anous 
^signs They should have ample ventilation and must be fitted with 
a shutter for closing at night to keep out rats For very young chicks 
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to hold a hundred recently hatched chicks quickly becomes too cramped 
for this number, since the birds grow rapidly and need a correspond- 
ingly increased amount of air space. Some brooders are made so that 
when artificial warmth is no longer required the whole can be quickly 
converted into a cold brooder ; this arrangement allows for the extra 
space needed by the growing chicks. 

T/w Small House and Hoven This is an excellent method for 
rearing in small units, particularly if the house has a small run 
attached and the whole is made portable so that it can be periodically 


Fio. 94 —Battery Brooder. 

moved on to fresh ground. A house measuring 7 feet by 7 feet and 
about 6 feet high will accommodate 100 chicks up to the age of six or 
seven weeks. This allows a floor space of about ^ square foot per bird. 
A window, made to open, should be placed a few inches above floor 
level, so that there may be an ample supply of fresh air and direct 
sunlight. A lamp-heated hover is placed in the house, preferably of 
the type which is fitted with a wire floor and a movable tray beneath ; 
this arrangement ensures adequate bottom ventilation and prevents 
— V.H. 19 
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contaimnation from tte droppings. The chicte may kept entirely 
indoors for tbe first week, after 'which they should be ^ 

the ground if the weather is suitable. When the birds are old ^ 
to do -without heat, the hovers may be remo\ed and a sleepmg 
introduced. This may be made of slats li inches broad and f 
apart, nailed to a frame standing about 6 inches above floor 
rack of this description pretents the birds from huddling and 'cep 


the house clean and dry. . 

The small house tnth hover has certain advantages over the outdoo 
brooder ; the birds hatx more head room and there is less risk of ot 
crowding ; it is more suitable for winter rearing ; it may be fitted wi 
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■of any length, but the breadth should not be less than from 12 to IS 
feet to allow of a three-foot gangway at the back, from which open off 
the different sections. The size of the sections will depend on the style 
of the house, but not less than a -J- square foot per cluck is necessary. 
The front of the house is fitted with drop shutters or windom, placed 
about 18 inches above floor level, so that the whole area may be flooded 
with the direct rays of the sun. South-east is tlie best aspect for the 
house. Smaller buildings are usually heated by separate oil-burning 
hovers in each section, but in the large houses a central hot water or 
electrical system is generally adopted. 

From the brooder house, the chickens are usually drafted into slatted 
■arks. These are made on the same principle as the slatted floor house 
but are smaller, more lightly constructed so as to be easily moved by 
Tiand. (See Fig. 95.) They may, or may not, be fitted with removable 
■dropping boards. It is necessary to put a fairly large number of birds 
in the ark to begin with, so as to prevent chilling. As the birds develop, 
the numbers in each ark must be reduced. 



Fig. 96.— Duck House. 


Battery Brooders. These consist of a number of wire cages arranged 
in tiers, in which the chicks are placed as they are taken from the 
incubator. They are of many types and patterns, and may be heated 
from a solid fuel stove or by electricity. AS these brooders take up a 
comparatively small space in proportion to the number of chicks they 
carry, they ate tvidely used where hatching is carried out on an 
■extensive srale. There are many problems connected with the feeding 
and management of battery-reared chicks which cannot be discussed 
here, but it is now generally considered that the use of battery 
brooders is best limited to the rearing of commercial egg-laying stock 
■alone; for potential breeding stock, one or other ofthe systems already 
described is preferable, ; ■ ' - . 
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Housing or Ducks 

The duck house differs somewhat m designs from the henhouse , 
the common practice of housing ducks with other fowl is not 
mended For ducks a house is merely a shelter for the nig » 
protection against enermes and a means of secunng the eggs uc 
lay \ery earl> m the morning, and if not housed at night thev en 
to lay elsewhere and the eggs may be lost. The birds arc 'co 
susceptible to damp, and require a dry bed to sleep on Poor eg;, 
production may often be due, mpart, to unsuitable sleeping quarters. 
An open-fronted house, 4 feet 6 inches at the highest point, will 
that fresh atmosphere so essential for water fowl A wire or slatt 



x-iu . 


-Bouamgs for a Small 


to te mteedta must be constantly rencu 

sho^dt ““kf 

hi this A floor snao* ^ 

if the 3 f-t per bird^ a: 

of small pop holes owiTifft a openmgs should be provided u 
pop holes owmgto the excitable nature of the birds 




THE HOUSING OF ANIMALS 


277 


Housing of Turkeys 

A house is not an absolute essential for adult turkeys. They prefer 
to roost in the trees, where they appear to obtain all the shelter they 
require. For convenience, however, a house may be provided. This 
must be high, not less than 10 feet, and very well ventilated. A floor 
space about 10 square feet per bird should be allowed. The perches 
should not be more than 2J feet from the ground, and not less than 
2i inches broad in order to support the weight of the birds. There is 
no need to supply nest boxes, because, like ducks, the birds prefer to 
lay in the litter in a dark comer of the house. For rearing tmkeys 
where the land may be contaminated with Blackhead the intensive 
system is commonly adopted. This entails the use of a brooder house 
with wire floor and a sim-parlour attached. 

> BUILDINGS FOR THE SMALL FARM 

In the years between the two great wars, i.e., between 1919 and 
1939, the demand for small holdings resulted in the division of 
large farms into small units of from 5 to 50 acres, some of which may 
be under private ownership, some connected witli county councils, and 
yet others imder the aegis of land settlement associations and similar 
organisations. The occupiers of small holdings engage in one or other 
of the various forms of horticultural and agricultural enterprise, 
including dairying, calf rearing, and pig and poultry keeping. All the 
essential principles for farm buildings in general apply to the small 
agricultural holding, although there may be certain peculiarities and 
special difficulties in application. In the planning of new steadings 
for such holdings, however, great importance should be attached to 
securing a layout and form of buildings which are both adaptable and 
labour-saving. Adaptability to forms of husbandry other than that for 
which they were originally intended is even more necessary than on 
larger farms, for on the small holding the bmldings must inevitably 
be fewer but their uses over a period of years may be no less varying. 
This means that the construction of specialised buildings like permanent 
cowsheds or stables should as far as possible be avoided. In place of 
the former, for example, consideration should be given to the yarding 
of milking cows together with the installation of a small fixed or 
movable milking parlour, while the place of the latter might be taken 
by a general purpose loose box provided with a suitable, but adaptable, 
manger and fittings ; if not required for a horse the loose box could 
readily be used for other stock. 

Figs. 97 and 98 illustrate the general layout of the steading for a 
typical small holding engaged in milk produttion, but in which the 
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removal and alteration ofjnternal partitions and fittings could easily 
be adapted to meet changes in the type of enterprise. It will be 
noted tliat accommodation is provided for four cows only in the “milk- 
ing shed.” With this number of cattle the shed can also be used for 
housing, as well as for milking, the cows, but if more are kept, they 
could be milked in relays, use being made of a system of open 
shedding and/or other suitable cover to accommodate them at other 
times, which, if not required for cows, could be used for the housing 
of other stock. 

• The dairy, together with adjoining scullery in which the milk 
utensils are washed out and sterilized, is attached to the dwelling 
house rather than to the cowshed. (See Fig. 98.) It should be noted 
that there is no direct communication between dairy and scullery 
or between these and the dweUing house. 

THE RECONSTRUCTION OF INSANITARY FARM BUILDINGS 

. Animal houses may be condemned as insam'tary for a variety of 
reasons. If in a city, it may be that their location is undesirable 
owing to their contiguity to human dwellings, together with their 
general insanitary condition. Reconstruction in such situations is 
often impossible and the buildings have to be vacated. The majority 
of farm buildings in country districts, however, are capable of being 
rendered sanitary and suitable for accommodating livestock, by reason- 
able structural alterations. 

Tie common faults to befoundin old cowsheds and stables include 
insufficient air space, lack of ventilation and light, underground 
drainage and/or the presence of gully traps within the buildings, 
insanitary and worn floors, narrow and low doorways, dampness, 
draughtiness,' bad proportion of stalls and standings, too narrow 
passages, ' rough walls and partitions, complicated root-trusses, in 
addition to many other less important defects. A badly-constructed 
dung pit or one too close to an animal house or to a milk store are 
common faults in the planning of layout. 

While the Ministry of Agriculture fakes an active interest in the 
condition of dairy cowsheds,* the housing of horses and other animals 
receives little or no attention, provided that a public nuisance is not 
caused. Complaints on this score are usually limited to the condition 
of the dung pit, or in towns to the length of time that manure is 
stored on the premises. Tlie best type of animal owner, however, now 
takes an informed interest in the relation behveen the environment and 
health and productivity of his livestock, and usually carries out any 
• Sec Tfte Milk and Dairies Regulations, 1949, 
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I'lO. 99. An old cowshed and nuxWaty buddings before reconsituctlon. 
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Fio. 100.— The buildings shown in Fig. 99 after reconstruction. 
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necessary improvements m their surroundings without an> prompting 
from sanitary or other public health ofiicials 

Where structural alterations and general improvement is con- 
templated, a careful survc> of the whole premises must be made so 
that the reconstruction ma) be done to the greatest advantage and v.i 
the least expense Ko alteration or improvements should be rccom 
mended without there being sufficient reason, and the more importan 
alterations must first be given consideration Plans of the buildings 
should be prepared with all the proposed alterations shown thereon- 
Due attention must also be given to the relation of one building wit 
another, and to the elTccts the alterations ma> hav c, not only on the 
health of the animals, but also on the labour mvolv cd in tending the^ 
The details and methods of structural alterations, together with the 
supervision of the building practice, call for the services of a 
professional architect, experienced m farm building work and who, m 
consultation with the veterinary surgeon concerned, will be able to 
prepare a satisfactory scheme 


i4ir space — Probabl> the most common of all defects m existing 
* ammal buildings, and usuall> the most difficult to remedy, »s lack of 
sufficient au- space for the animals the building is intended to bold. 
As a rule this is caused by the passage behind the animals having been 
made too narrow, t e , the building itself is not sufficiently wide Tins 
fault may sometimes be remedied by pulling down a portion of tbo 
walls, which will, of course, involve an extension of thereof 

The simplest method of extension is to remove portions of the wall 
on the manger side of the building , new posts arc inserted on the old 
foundations to carry the roof, and then the whole of the cxistmg wall 
V extension built. Figs 99 and 

100 show an example of the conversion on these lines of an old cowshed 
into a modem one which complies with the requirements of theMdl^ 
and Dames Regulations, 1949 
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heiglitcning the walls. This, of course, would not be practicable unless 
the roof is so faulty that it needs rebuilding. It should also be 
remembered that the height of the walls must not be so increased that 
ventilation becomes faulty (sec section on “Ventilation”) ; a height 
of eight or nine feet should be regarded as the maximum desirable 
for any open-roof animal habitation. 

Ventilation and Lighting . — In many old buildings the ventilation 
is deficient. As has already been mentioned, recent work suggests that 
provided outlets are satisfactory ventilation may be adequate even 
though the irilets are not in accordance with the standards usually 
recommended. Whenever possible, provision should be made for the 
outlet of stale air at the ridge. If new inlets are considered desirable 
then 4’ sanitary bends may be inserted in the front wall or, particularly 
where the lighting is also deficient, new hopper windows may be in- 
stalled. 

Floors . — The flooring in many cowsheds and stables is very bad. 
Often it is composed of soft building bricks or paving slabs which have 
worn unevenly, or of concrete with a sUppery surface (see “Floors,” p. 
179). In coimtry districts the earth is sometimes the only flooring for 
stables, which should, of course, always be condemned. 

In the preparation for relaying floors, the old floors should be 
entirely lifted, as patching never pays in any sense. After the old 
flooring has been removed, the top layer of the soil, which will be 
foimd sodden with urine, etc., must be h'fted and a foundation made up 
with clean, broken stones to the required level. For the method of 
laying, and types of floors recommended, see the section on "Floors." 
Wien renovating a floor an effort shoidd be made to fill up and round 
off all comers with cement. 

Walls . — Apart from any necessary heightening it will be found 
that in the majority of old buildings the w.aUs have been left in a 
rough state inside the building. They will then require to be finished 
off smooth with cement or covered with tiles to give the necessary 
smooth, hard face, that can be cleaned easily and which will not lodge 
dirt and dust. All wallheads Inside byres and stables should be beam 
filled, i.e., built up close to the roof boarding, thereby disposing of that 
troublesome shelf or scarcement on which dust and dirt accumulate, 
and which is so attractive to birds and vermin. Where the walls are 
to be cement plastered, the surface and jointing of the old work should 
be picked out thoroughly, cleaned, brushed over ivith a wire brush and 
properly washed before the appUcation of the cement plaster. The 
joints on the outer surfaces of walls should be raked out and re- 
pointed, and all cracks repaired to prevent the entry of rain and frost. 
Walls which become saturated by reason of faulty pointing are Imble 
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The site should be carefully chosen, consideration being given to 
the nature of the sub-soil, facility for drainage, tvatcr supply, etc. 
The location should preferably be away from dwelling-houses 
lest objection be raised on account of the noise made -by barking 
animals. 
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Where a large numher of dogs are to be catered for, and in order 
to facilitate control of disease and noise, not more than 10 to 12 dogs 
should be housed in one building. This applies particularly to board- 
ing kennels and infirmaries where the dogs are constantly changed 
and the risks of infection consequently greater than where the in- 
habitants are more or less static. A large infirmary would require 
separate blocks as follows : — 

Reception, where animals are retained until a definite diagnosis is 
made ; this is very important, especially if distemper is suspected. If 
it is possible to have two or three reception places each consisting of 
two or three kennels, this is obviously a great advantage. 

Distemper and Mange, each of which must be strictly isolated from 
the other, as well as from the other blocks. 

Serious cases, surgical, whelping, etc., where quietness is essential. 

Quarantine for the detention and observation of dogs from abroad. 
(See Rabies Legislation.) 

Bitches in heat. — These cases must be keimelled separately and are 
best kept apart at all times. 

In addition to fceimels and exercising grounds, store rooms and 
kitchen with boiler are essential for the storage and preparation of 
food. A bath and dressing-room is also necessary in kennels of any 
size. 

Arrangement of the Kennels in the Building. Kennels are usually 
constructed in a single-storey building but where ground space is 
Imited, as in a town, a double-storey building may be used. (See 
Fig. 101.) While the runs of upper-storeyed kennels must usually, of 
necessity, be small they may serve the purpose very well in the case of 
an infirmary, either for isolation, or for cases where little exercise is 
required. 

The best arrangement of kennelling is the single row system with 
a southern aspect as shown in Fig. 102, although kennels may also be 
constructed against both walls of the building, with the dogs facing 
one another ; this latter arrangement requires a south-east and north- 
west aspect. 

IFfll/s.— These need not be more than 8 feet to the eaves, but if 
the house is a lean-to, a foot higher is desirable. The pitch of the 
roof will depend upon the width of the building and on the covering 
material used. The walls must be given an absolutely sraootli face with 
cement containing a waterproof material, which should extend to a 
height of at least 5 feet from the ground. For tlie sake of appearance, 
and where cost is a secondary consideration, enamelled bricks or wall 
tiling may be used instead of cement. The upper portion of the wall 
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Fra. 101.— Section of a double-storey buddina wlh kennels placed back to back on the ground floor. 
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to disintegration and bursting with each severe frost. The internal 
surfaces of timber framed walls can be much improved by fixing 
expanded metal lathing to the uprights and covering it with cement 
plaster, trowelled to a smootli finish wliich can easily be washed down 
when necessary. 

Drainage , — Defective drainage is a common fault. Underground 
drains arc still met with in the older stables. In cowsheds the under- 
ground system is uncommon, but a gully trap is often placed inside the 
building at the end of the dung channel. In every case underground 
drains and inside traps should be removed and a surface method of 
draining, as advocated in the section on “Drainage,” installed. Surface 
drainage in cow-sheds or stables may be faulty owing to wrong cons- 
truction in the first instance, or to subsequent wear and tear. In 
stables laid with granite setts or cobble stones the drainage cannot be 
good as the urine invariably collects in little pools and gradually 
soaks into the ground between the stones or bricks. It is impossible 
to get good drainage without a properly laid floor, and when this is 
provided the drainage becomes a very simple matter. 

Manure Fils are often badly placed on farms. The pit should be 
reconstructed as far away from the main farm buildings as is con- 
veniently possible and in accordance with the principles laid down 
on page 96. 


HOUSING OF DOGS 

The buildings described below are designed on the assumption that 
the intention is to keep at least twenty dogs, and will be found suitable 
for a boarding establishment infirmary, or for racing greyhounds, 
pedigree studs, etc. 

Kennels specially erected for any of the above purposes are usually 
designed to hold a considerable number of animals, and as they arc 
usually intended to be financially remunerative, great care should bo 
taken with their design and construction in order that the dogs can be 
kept in a healthy condition, and that the labour in looking after them 
is not excessive. 

When planning buildings of this nature the general principles 
applicable to the construction of all animal habitations must be kept 
in mind. These are : — dryness, good drainage, adequate light and 
ventilation, warmth, comfort and cleanliness ; to these may be added 
ready accessibility to the dogs in their individual cages and safety 
measures to ensure that the dogs cannot escape from the kennels or 
injure themselves. 
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should be faced with plaster, and there should also be a lath and 
plaster ceiling, appbed to eliminate all comers and to cover up as 
much Vioodwoik as possible 

The Floor should be made of cement and finished as smooth as 
possible At the junction of the vralls with the floor or with partitions 
and floor, all the angles so formed and all comers must be filled in 
with cement to a distance of 3 inches from the comer angle This 
fiUmg must be done at the time the floor is laid and not added as an 
afterthought 

Drainage — The floor of the kennel and passages should have a fall 
of at least 1 m 50, sloping to a 4<mch channel in the passage, a few 
inches from the gates 

Partitions between the cages are best made of 2 inch lightl) re- 
inforced concrete, smoothly finished, or of pre-cast slabs rendered m 
cement to a smooth fimsh Less suitable matenals are galvanised iron, 
either flat or corrugated, enamelled iron, or enamelled bricks It 
advisable to carry the partitions between the kennels right to the roof 
Some people prefer to have them solid for the lower 3 feet only, 
upper part being m the form of an iron grille With an open 
however, the inmates of the kennels are liable to an noy each other and 
to make constant disturbance by barking If the kennels are intended 
for the housmg of sick dogs then complete separation is best 

Lighting —-Kennels must be efficiently bghted and, where possible, 
metal framed windows should be used Windows should not com- 
municate directly with the kennel but with the passageivays, where the) 
are more convcmcatly controlled, and where there is no chance of 
escape With some ty^pes of kennels, e g . 

passage, roof lighting ma> be 
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them to lie on. This should be of |-inch hardwood ; an open slatted 
platform is very difficult to clean and is not so comfortable as solid 
wood. The platform should be raised 6 inches from the floor and 
occupy the width of the kennel and be at least 2 feet 6 inches deep. 
It should be movable and should be supported by four projections 
made of concrete, or on iron rests placed in situ when partitions are 
being cast. On the front or free edge the platform should have a 
4-inch board above its level, and a similar one below the level, the 
former to keep the bedding in place and the latter to prevent a puppy 
or small dog from crawling underneath. These boards and all other 
wooden parts wliich could be gnawed should be covered with galvanised 
iron, the sharp edges of which must be turned under before being 
nailed down. 

The front of kennels, including door, is made of iron rods at 
least J-inch diameter. They should be placed not more than li 
inches apart to a height of 3 feet 6 inches from the ground and 4 
inches apart above that. The framework of the doors and the front 
may be made of angle iron, flat iron, or iron tubing. Tubular metal 
is very satisfactory provided the collars and junctions are sufficiently 
strong. 

Doors are sometimes made with a diagonal strengthening jod. If 
the frame is properly made there is no necessity for this, and it is 
objectionable, because when the dogs claw at the door when people are 
passing nails get jambed between the diagonal and vertical rods with 
the result that they get tom off. A detail of great practical importance 
is to have the door hung so that the bottom is about IJ inches from 
the floor. There are two reasons for this, one being that when the dogs 
are put into kennels they frequently try to run out as soon as they 
are released with the result that the door is shut quickly and the front 
paws of the animal may get caught and badly bmised ; the second 
reason is that a door hung clear of the cement floor does not soil or 
rust so readily. 

A door 2 feet or 2 feet 3 inches wide will be found generally suit- 
able. The door, which should be hung on three strong hinges and 
open out, should close against two mbber stops. The fastening of the 
door is very important. Self-fastening catches or easily closed doors 
are a mistake, because when an attendant is in a hurry he is inclined j 
to string the door, anticipating that it will shut and fasten ; this it 
may fail to do with the result the dog escapes. The only satis- 
factory door is one that the attendant lias to secure himself and wluch 
he knows he cannot leave until it is secured. A bolt will serve the 
purpose and ought to b> proof against carelessness. An S-fastening 
attached to the bolt by a short length of chain prorides additional 
— V.H. 20 
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security, and whilst not essential for ordinary kennels it should always 
he fitted to quarantine kennels , v i 

The ironwork is host galvanised, but if paint is used both tn 
priming and the finishing coats must be of non-poisonous material 
Water and Food i?ou/r— Ordinary non capsizablc bowls made ot 
enamelled ware are the most suitable for all purposes Fixtures for 
either water or food in the kennels cannot be removed for cleaning 
and are, therefore, entirely unsuitable for sick kennels or where the 
occupants of the kennels change frequently 

Exercising Ftins — Exercising runs form an essential part of dog 
kennels, not only to allow the dogs a limited amount of exercise, but 
also for the purpose of letting them out of their cages to defecate and 
to imeturate Most dogs will not perform these functions m their 
cages and should be let out three times a day, in the early morning, 
at mid day, and last thing in the evening It is best to allow the dogs 
out separately m the exercising runs, but this is not always possible 
when the number of runs is small in proportion to the number of dogs 
which have to be exercised When two or three dogs are allowed to 
run out together, an attendant should always be at hand to intervene 
should fighting start A large number of dogs should never be pet" 
mitted m the exercising runs at one time Under no circumstances 
should greyhounds ever be allowed to run with toy and siitular breeds 
of dog 

The floor of the exercising run must be of material that can h® 
caMly and thoroughly cleaned , concrete finished with a smooth surface 


IS the most suitable material If the run is on the top floor, then it is 
necessary to make the surface waterproof by mixing a waterproofing 
liquid with the concrete, otherwise urine would soak through to the 
roof beneath The floor, which requires washing frequently, should 
have a good slope for drainage to an outlet In some convenient place 
away from the walls (the centre of the run is a good position) an 
urinating post of cement may be erected The comers of the run 
should be rounded off to facilitate cleaning 
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•Crete foundation to prevent urine and faeces from escaping underneath 
and so as to preserve the wire. ' , ^ ' 

The posts of the framework should be cemented at least 3 feet into 
the ground, the corner- and door-posts having diagonal supports also 
sunk 3 feet in the ground. 

Healing . — An even warm temperature (approximately 60°F.) should 
"be maintained in the kennels of an infirmary or in houses where breed- 
ing bitches or young puppies are kept. In small rooms electric heaters 
are satisfactory if they are kept burning at all times during cold 
•weather. In large rooms some form of central heating is necessary. 
A slow combustion stove gives excellent results if it is properly stoked ; 
it is cheap, easy to erect and simple to look after. To get the best 
results from a stove, the outlet pipe should not go vertically through 
-the roof as this wastes a lot of heat, but should be taken diagonally 
across the room before passing through the roof ; this also ensures 
ketter distribution of heat throughout the room. 

Breeding Kennels. Figure 103 shows details of a building which has 
been found suitable as a whelping and puppy kennel. Bitches are 
housed in tliis kennel as soon as they are served or, at the latest, when 
confirmed as pregnant. They are removed after the puppies are 
■weaned. Puppies may be reared here until they are removed for 
individual training. The number of puppies occupying a kennel is 
regulated according to their size and age. Any breeding kennel should 
always have a southern aspect. While the partitions between the . 
individual kennels are the same as those described above, the front is 
solid for 3 feet from the ground, the remaining 3 feet 3 inches being 
iron grille. The kennel is 6 feet wide by 5 feet deep and has a door 
communicating with a passage 4 feet 6 inches wide on one side and on 
the other a small door about 3 feet high and 1 foot wide leading into 
a concrete floored run where the dogs may exercise at will. Tlie runs 
should be at least 20 feet long, the width being varied to suit the 
number in the litter and the age and size of the puppies. At the 
northern end of these nms it is an advantage to have a shelter to break 
■the wind. Beds for whelping bitches and for young puppies consist 
of a fairly large platform, with a 4-inch retaining board round it, 
raised from the ground by two crossbars, 1 inch Iiigh, nailed on the 
bottom of the bed. 

Single Out-of-Door Kennels. Watch-dogs, terriers and sporting dogs 
are often housed in individual wooden kennels out-of-doors. Such a 
kennel must he large enough to hold the dog comfortably. It should 
be divided into two parts, a sleeping portion and an ante-room or 
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must be sloped so as to carry off ram quickly, and should be coicred 
with felt or other suitable roofing matenal The framework of Ih® 
kennel should not rest on the ground but should be supported by 
comer legs about 3 inches high standing on slates 

Instead of tying the dog by a short length of chain to the kennel 
It IS more humane to have a light chain lead, fitted with a swivel f 
each end ru^ng along a taut wire fired between two points on tl» 
wall at the side of the kennel. For sliU greater frcetom of movement 
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the wire may be fixed between two trees or posts, in which case stops 
must be placed on the wire to prevent the dog twisting the lead round 
the tree or post (see Fig. 104) ; the distance between post and stop must 
be greater than the length of the lead from collar to wire. It is 
important to keep the wire taut. The wire should be placed at the 
■shoulder level of the dog and may be about 20 to 30 feet in length. 
"Gauges 8 for large, and 12 for small breeds, are recommended. 



SECTION V 


THE CONTROL OF THE CONTAGIOUS 
DISEASES OF ANIMALS 


A CONTAGIOUS disease is one caused bv a specific agent (bacterium, 
filterable virus, protozoan or metazoan parasite) w hich may be tran s- 
m itted from diseased to healthy individuals bv direct or indirec t con- 
tact. T he common routes through which infectious agents may gain 
en trance to the body are by i ngestion and inhalation, and bv inoculatio n 
tlir ough the skin ^ -Once established in the body of a susceptible animal, 
such an agent attacks and multiplies in the tissues, thus setting up a 
disease process. Quantities of the disease-producing agent come to be 
eliminated in the excretions of the affected animal, with the result that 
its immediate surroundings become contaminated and so constitute a 
source from which healthy animals may become infected. It is of con- 
siderable importance to realise that the ability of an infectious agent 
to survive outside the animal body for a longer or shorter time deter- 
mines to a large extent its disease-spreading power, and also influences 
greatly the kind of measures wluch must be adopted to combat the 
disease. 

Infection is transmitted from the diseased to the healthy in a variety 
of ways. Direct contact of a susceptible with an infected animal or 
with infective material is the most obvious, but not necessarily the 
most common, method of spreading disease. In many cases, human 
beings may convey infective material on their liands, clothing or boots 
to the surroundings of susceptible animals which may then become 
infected through contact with that material. Other animats, as well 
as vermin, birds, flies and biting insects, may also act as passive dis- 
seminators of infection. Foodstuffs and water supplies have been 
incriminated as factors responsible for the spread of disease though 
these are more frequent sources of infection in human beings than in 
animals. 

In addition, certain diseases may be disseminated by the “carrier” 
animal, i.c., an animat th.it carries an Infective agent within its body 
without exhibiting symptoms of disease. The infcctiv o agent may be 
eliminated intermittently in the excreta, etc., and so act as a source 
of infection to other animals ; or the infeaion m.iy be conveyed from 
a carrier to a susceptible animal through the bite of an insect. 
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- METHODS FOR THE CONTROL OF DISEASE 


The aPTilication of suitable measures for thej^ veption-and eradica- 
tion of any infectious disease must be based on a kn owledp of ^ 
nature and propertes of the causal agenL the way in wni^ i ‘ 
eliminated from the body of the diseased animal, and the means y 
which it normally reaches susceptible animals In cases where t e 
exact nature of the disease and its causal organism are unknown t e 
steps taken will be in accordance with the severity of the disease an 
the symptoms displayed 

The measures which may be adopted m attempting to control con- 
tagious disease are as follows — 

(1) Isolation of infected and m-contact animals 

(2) Slaughter of infected animals 

(3) Immunization 

(4) Interference with the life history of the causal agent or wth 
the course of the disease 

(5) When the disease is communicable to man or is one which, if 
allowed to spread unchecked, would result m very considerable^ 
economic loss it is desirable that such control measures as are' 
necessary should be carried out under the direction of a central 
authority The primary measure in the control of such a 
disease will be notification of its existence or suspected existence 


Isolation. Animals which are known to be. or be. aff gsted 

•wiih.a cont i i a. QU s d i seas e must be isolated from ihF- npparRTiilv heal thy. 

Whilst lack of suitable accommodation may hinder the appheation 
of strict isolation every effort should be made to see that the segregation* 
IS as complete as possible and that it is undertaken without any loss of 
s^arate building is desirable, but if such premises arejlfi^ 
ai^ilable thw.the ^imals.concerne d should b e placed injtiie section 
building as f ar away from the he althy stock as 

the S^aommEjools, etc , m ust he provi ded fo' 

— — jf possiWe, a separate ettecHaTit who is.”'’* 

to so and the same 

J^The hSlSr^^®! of P!U!ck OTdJjeallhj, then he musLoSt^f 

C,al He^onld be provided w.* 

and not^ ended umd beyond recovery of the animal* 

t>e ended until &U possibility of infection has passed The tim® 


"but it is better to err on the side of caution, than t o return an anim al 
-prematurely to association with the healthy. Undue haste in this 
nrespect may undo all the good derived from previous care and labour. 


■guarantine. Quarantine means the segregation of apparently healthy 




are healt hy an d have not been eupn se d to the risk of infectio n. 
The object of this is to give time for a contagious disease that may be 
in the latent phase to become active and obvious. Since the period of 
hicubation of different contagious diseases varies considerably, a specific 
quarantine period that gives a margin of safety is allowed.for each. 


The incubation period of rabies, for example, may exten d to six month s 
Sind a long quarantine period is necessary. On the other hand the 


.quarantine period prescribed for foot-and-mouth disease need only be 
-a fortnight or so as its incubative period is short. 


• Slaughter of Infected Animal s. When a disease is highly contagious 
■and is liable to spread with great rapidity, c.g., foot-and-mouth di sease, 
-sla ughter of affected animals a nd thos e which have been in immed iate 
contact with them is necess ary. The carcases must be disposed of cither 
tiy burial or by burning (see page 322). 

Slaughter of diseased animals which constitute a potential source 
.of danger to the human population, c.g., “open" cases of tubercul osis, 
as also essential. 


Immunis ation may be practised when the incidence of the dis ease is 
•so high, or t he reservoirs of infection are so extensive , th at contro l 
tiy seyreeat inn or sl aughter alon e i s imp raclic.able. It would obviously 
■be an impossibility to eradicate completely diseases caused by organisms 
-which can live for indefinite periods outside the animal body and still 
■retain a higli degree of virulence ; examples of diseases in this category 
are a nthrax , bl achleg, la mb dyscnier vand s ivine erysipe las. Immuniza- 
tion may, therefore, be undertaken in these diseases with the object of 
building up an animal ponulalion highly resistant to in fection. This 
method is also adopted with diseases where thcjncidcnccjjfinfcction is 
■so high and th e routes of spr eadLsa complex that it is unec onomic or 
Jmpjnctkahle to ad opt a slaiiglite r or segre gation polic }', e.g. svdnc 
.fc\cr in the U.S.A. an d brucellosis of cat tle. 


Immunization must nescr be regarded as a substitute for sanitary 
measures. When it is pranised strict isolation, and in some cases 
islaugliter, of affcelcd animals is still necessary and the need for 
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adequate disinfection must still be stressed For details of the methods 
of immunization available in different diseases the reader is referred 
to textbooks of veterinary medteme 

Interference with the li fe history of the causal agent or mth thg 
c ourse of the disease includes such procedures as disinfection and dis; -* 
i nfestation , t reatment of sick animal s, and measures aimcd_a l_thg 
elim nation of carrier animals and intermedi ate hosts if such exist 
With most animal diseases the application of the procedures included 
imder this heading is complementary to the other methods of control 
From what has already been said it will be evident that there arc- 
many obstacles to be surmounted in attempting the control of snimal 
diseases, amongthc more important being , the ability of som; disease- 
producing agents to retain their infcciivity for relatixcly long periods 
outside the animal body and ih'^ir comparaiixc resistance to chem cal 
and other disinfectants , the existence of carrier animals in the case 
of certain diseases which may disseminat e infection without giving any 
indication of the fact until the disease has become more or less wide- 
spread , the constant and wide traffic in animals which favours the* 
spread of infectious maladies and, at the same time, increases the diffi 
cuUy of tracmg and controlling the earners of the infection , and the 
indifference and carelessness with which some stockowners regard con- 
tagious diseases ani, with what may amount to criminal negligence, 
fail to notify the presence of disease among their stock, or to take such 
precautions as are incumbent upon them for the safeguarding of their 
neighbours’ animals 


NotiBration m official no.ificatTon of certain contagious diseases 
Great Britain and the procedure invoU-ed 
Dam-0r'<rii? 1 r'" r"’’*" these “scheduled diseases” 

t “ "“t *>>' <»>'> reason «hy 

Sses suT' r' ''S'slative measures Some 

trouble ’and L r'e”*’ ““se widespread 

spa^dTcorrS r" '''''''' « only subjected tc 

whS and-mouthdisease is an instance 

rarnmiEhrL 1 m ™=''eckcd, whilst the death 

bemcalculabie,dueto°losTo”mlk ? as a whole tvould 

Notification of the and lo abortion 

disease serves the follnu in suspected existence of a scheduled 

or the existence 

brings experts into contact wiiri?^ location 

confirmorrerutethesii^T.i.»,n disease, and enables them to 

u- Itputs into operation control measures- 
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such as the slaughter or isolation of infected animals and the quaran- 
tine or slaughter of in-contacts, places restriction on the movement 
of animals within a specified area, and ensures the proper disinfection 
of contaminated premises and materials. It enables the" authorities 
concerned to ascertain the origin of the disease, and to trace other 
animals that may be infected and may be acting as new centres for the 
spread of infection. In the case of a disease such as anthrax, if 
several deaths have occurred in different localities, at or about the same 
time, it may be possible to find evidence pointing to a common source 
of infection such as one particular consignment of imported foodstuff 
being contaminated with anthrax spores. Under such circumstances 
the destruction or sterilisation of all unconsumcd stores of the foodstuff 
in question would prevent further outbreaks. 

Compulsory notification draws attenti on to the presence of the 
d isease and enables stock-owners to adon t pre ventive measures agains t 
introducing infection into their own herds and flocks. It is of great 
value in “inculcating watchfulness upon the general practitioner, and 
suggesting the need for a definite diagnosis in doubtful cases” (Lewis 
and Balfour). 

lin eal aiithoriti e S-have-the power to advertise in the local p ress. 
to post ly tices in p ublic places , and to placard the inf ected premis es. 
Public notificatio n of the existence of an in fectiou s dis ea se is of un- 
douiUfid-satlue, but care should be taken to a vo id causing un due alar m. 
With -the information to the public tliat a specific and infectious 
disease exists among stock, or is likely to appear owing to its proximity 
in another district, advice .should be gii'en to stock-oumers by competent 
persons as to the best methods to be adopted to keep their premises and 
animals clear of infection. Unnecessary traffic among neighbouring 
farms or stables should be avoided, premises should be kept cle.an, 
animals should be well attended to ; they should be well fed and not 
over-worked. Notification gives information of the extent of any parti- 
cular disease in the country, or part of the country, so that the autho- 
rities concerned with its control may know if the incidence is on the 
increase or decrease, and consequently svhether to relax or to make 
more stringent their regulations. 

For the greatest advantage to be obtained from notification it mint 
be done at the earliest moment. Any delay or hesitation gives time for 
the infection to become more widely disseminated among susceptible 
animals. Some disc.ises arc not easily diagnosed and may at times 
appear in atypical forms, whilst others, e.g., rabies, appear so rarely 
in this' country that the general public, and ewn the practising 
veterinary surgeon, might not recognise the diseases from their 
imperfect acquaintance ssith them. Wien there is any suspicion that 
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a notifiable disease is present, the onus of the responsibility of dcadmg 
whether or not it exists should be put upon the experu whose business 
It IS to maU the decision If. after notification has been made the 
suspicion turns out to be unfounded, then no harm has been done, 
unless undue alarm has been raised If, on the other hand, there has 
■been any delay in reporting the suspected existence of a disease such 
as foot and mouth disease and it is actually present, then the results 
may be very serious 


DISINFECTION 

pismfcctio n m eans the comcrsion of a rlace. or obi^cf. from a pp ten 
tiallv infectise state into one which is free from infect ion This imph^ 
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of Eimeria teneVa , the cause of caecal coccidios is in poultr y, can still' 
•be infective after eighteen months in the s oil ' 

In their resistance to desiccation and other noxious agenci es the- 
filterable viruses vary considerably, but on the whole they resemble- 
vegetative bacilli rather than bacterial spores. Epithelial scales fro m, 
a case of foot-and-mouth disease have been found infective after ex- 
posure to svinter conditions for si xt y-seven days . In ha y this viru s 
remains vi able for twenty-five to thirty days, but under exception al 
circumstances it may survive for several months . 

Direct Sunlight h as a germicidal action in virtue of its ultra-viole t 
rays a nd of the r avs at the blue en d of t he spectrum, but the mo st 

Angstrom units,* neve r re.ach the surface of tlie earth even in very 
clear weather. The ultra-violetrays with a wave-length greater tham 
3QCKLA.U. reach th e earth and have a definite bactericidal action wh ile- 
the visible r avs of sunlight are not altogether devoid of germic idal 
power, though they take much longer to produce a lethal effec t. For 
example, tubercle bacilli are destroyed in abou t two hours if e xposed 
to the direc t ravs of the sun . On the other hand, the presence of small 
amo unts of mucus or other orga nic material will protect the organis ms^ 
from th e effect of simlight . 

The efficiency of sunlight in destroying bacteria is proportional to 
the di rectness and I' ntens ifY of the liph t. U llra-violct raVS have little 

.nnd sunli drt transmitted throu gh closed wind ows has not the s ame 
disinfectant powe r. Cl mids and smoke reduce the effectiveness of lig ht 
and penetration tlirough wafer is greatly inhibited by suspended 
organic matter. 

Temperature. The rate of bacterial destruction is more rapid under 
warm conditions than under cold. It has been shown that the reductio n 
o f the number of tsphoid organisms in a sample of w.ater from 100,00 0 
to 3 per m l. req uired live wee ks at 32°F .. thre e weeks at 50 ^F. and 

The m-ajority* of bacteria both sporing and non-sporing resist 
freezing, and some baaeria are not destroyed even by e.xtremc degrees 
of cold, c.g., after c.xposurc for several weeks in liquid air. Most 
viruses appear to be very resistant to cold and survive longer under 
winter conditions than in summer. 

• An Angstrom unit is equal to one len-millionlh of a m niimelre. or one icn- 

Ihousandth ot a micron (/i), the unit used inmeasunng the dimensions of tacrcria. 

Kclinai sensibility estends from 3970 A.U. (violet) to 759-1 A.U. (red). - . ^ 
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application of hot water, especially if it contains washing soda is, 
howeser, very u'cftil owing to its cleansing action A thorough semb- 
hing with hot soda water should be regarded as an essential adjunct 
to disinfection 

The boiling of metal articles such as surgical instruments has long: 
been a recognised method of cfrcclmg sterilization. Rusting can be pre- 
vented by boiling the water for some time previous to the immersion 
of the articles or by the addition of 1 per cent, sodium carbonate The 

addition of this salt to boiling water helps to rcmo\c grease and hastens 

the destruction of bacterial spores 

Schroeder* has described a cleaning upit m use m the United State? 
for the disinfection of animal hospitals and other livestock premises 
The apparatus consists of a “steam jenny vapour spray unit” which- 
(1) will deliver a stream of water at o\cr 100 lbs pressure, (2) 
deliver water at 60 70'^ C to the area being cleaned (over 100® C as 
the water leaves the nozzle) and (2) incorporates a detergent and- 
disinfectant m the water stream in any desired concentration. A. 
similar apparatus is now available m Great Britain 


Steam, Steam is a much more cfTective sterilizing agent than hot air 
at the same temperature, and several factors are responsible for 
greater activity In the first place, it quickly raises the tem pprature 
~Qf articles with w hich it comes in c ontact In order to Convert a- 
certam quantity of wa ter at 212® F into steam s ame tempera ture^ 
^ definite amount of heat, the latent bent of vaporisation^juust he- 
s upplied to the wat er When the converse proews occursTj e , 
steam comes int o contact with a co ol object, it condenses, and the latent 
in a rTn.d ^var mine 

n7^ >5 used as^disinfectinP at^gnt condensati on 

^^ bartena ^d spore^d the^ are m consequence, qu.cklf 
heate^to the tgn merature of the steam ^ ' 

!!!!..?! T^llilJueja rtly to its comparative ly low spg.ifi'^ 

tbe (-nflin,,,,! , — Ig s It to diffuse i nto porous materials and disjil3*^ 

onlv 1 IMCXhu ofihpx °i” ^^Tld enses mt Q_water. :^ctub^ 

On coming m contact 

undergoes condensation penetrates the outer lajet^ 

of a partial vacuum ™'™=. tvith the formation 

pressure, and this steam.'d!^” 'n *“ ®' the area of 
bundle, itself uudergoesmud"'"® further into the interior of th 
• Schrolder, C. HTsL ”” 
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Steam has reached the centre of the bundle. The great penetrating 
power of steam as compared with hot air is illustrated by an experiment 
conducted by Koch and WolfThiigel, in which a thermometer placed at 
the centre of a btmdle of linen was surrounded by twenty layers of 
this material. After four hours’ exposure in a hot-air chamber at 
265-285°F.the temperature at the centre of the bundle was only 187°F. 
When the bundle was exposed to steam for three hours, the temperature 
of the steam gradually rising duringthis time from 194°F. to 221° F., 
the temperature attained in the centre of the bundle was 214° F. The 
great penetrating power and rapid sterilizing action of steam are 
obviously of great value in the disinfection by heat of bulky articles. 

In all disinfection by steam, however, whether at atmospheric 
pressure or at greater pressure, the maximmn germicidal affect is ob- 
tained when the steam has free access to the objects. Articles that are 
to be disinfected should therefore be arranged loosely so as to facilitate 
penetration by the steam. 

I n the third place, the meater efficiency o f st eam as compared w ith 
hot air at the same temp erat ure may also depend on aUer.ifinns in the 
coagulability of bacteri al p rotein due to variation s in the water conte nt 
o f the protoplasm. B acteria exposed to mois t heat may ab sorb wa ter 
a nd their pr o tein co ntent becom e more readily coagulable, w herea s 
micro-organisms expo sed to dry heat unde rgo de hydration an d the ir 
protein becomes proportionately less coagula'EIe. 

Disinfection by steam spoils leather and is likely to alter the 
colouring and texture of blankets. Cotton and linen fabrics stand 
steam and heat well, but bloodstains are fixed. 


Current Stea m is steam rising from water bo i ling at atmosp heric 
pressure, i.e., 15 tbs, per sniiare inch. 

In the sterilization of dairy utensils current steam is the agent of 
choice. The pro cess is carried out in alarge galranised iron ch est w ith 
■-1 tightly fitting door . In the base of the chest there is a h ole wh ich 
al lows for drainage an d for the exit_of air displaced by the steam. 
The s team pipe sh oul d ener low d o wn at one side and thejart inside 
t he diest should be pierced with holes in such a way as to del iver steam 
in .nil directions e xce pt downwards. A metal rack, upon w hich t he 
articles for steriliz ation are p l aced , is fixed a f e w inches above the 
steam pipe thus allowing for free circul ation of t he stea m. A n accu rate 
th ermometer placed so that it can be convenient ly re ad, is essential. 
The steam may be generated in a separate cokc-fired jiailer QtJlie 
whole un it may b e self -conlain ed witii an electric.aUy heated steam 
generator in the base. 

— V.H. 21 
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Before stenlmtion all utensils must be thorougUy cleansed of m* 
residues by rinsmg in cold water immediately after use and thm 
scrubbing with a hot detergent solution Milking machine buckets and 
Other hollow vessels must always be placed m the stenli2er m an i - 
verted position so that steam can enter freely and the contained air 
escape If such articles are placed m the upright position poexets oi 
air may form m them and sterilization may be imperfect. Steam is 
admitted to the chest gradually, allowing about twenty immite^or 
the chest and its contents to reach a temperature of 210*F When 
this temperature has been attained slcammg must continue for tra 
minutes at the end of which period the steam is turned off and the 
door of the chest is opened immediately This avoids condensation and 
allows the residual heat m the utensils to evaporate any moisture 
remaining on them When coolmg has taken place the chest is closed 
again to prevent access of dust and flies to the clean articles 

Chums may be sterilized in the chest or by mvertmg them on a 
special chum steaming jet for a few mmutes milkmg machine tubes 
andtcfat cup clusters may also be attached to speaal jets and the steam 
allowed to flow gently for two minutes after a temperature of 210*F 
has been attained If the preliminary cleansing is earned out 
thoroughly the rubber parts of milking machines will withstand repeated 
steam sterilization for a considerable time If, however, traces of 
milk fat have not been properly removed the lubber Imers and tubes 
may soon require replacement. 

Steam may also be used to free suspect straw from the virus of 
foot and mouth disease m cases where the straw is being imported into 
Austraha, erther m the form of manufactured goods or as packing* 
Straw which has been subjected to the action of steam at 185°F fof 
^ least ten mmutes is regarded as disinfected and is admitted into the 
v^mmonweallh This method of disinfection has the drawback that 
the straw is thereby rendered damp (See page 318) 

There are various steam disinfectors on the market, some fixed, such 
as we used by municrpalilies for the dismfection of clothing fro® 

O'- tailt on wheels for 

tonfectors employ current 
sSknm Fot the purpose of 

The penod for winch arfeles ure^bjected to the ucuon 
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of the steam varies with the type of disinfector but is generally about 
twenty to thirty minutes. 

Steam under Pressure. An increase in the pressure under which 
✓Steam is generated can only be effected in an air-tight container. When 
water is boiled in a sealed vessel, which is necessarily Rtted -with a 
safety-valve and a pressure gauge, the steam accumulates and under- 
goes compression until the pressure inside the vessel reaches the point 
determined by the safety-valve. The temperature at which wafer boils 
depends on the pressure to which it is subjected; the higher the 
pressure, the higher the boiling point, and the steam rising from the 
water remains saturated at the temperature of the boiling liquid. The 
pressures generally used in sterilization by steam vary from 5 to 15 lbs. 
pel square inch above that of the atmosphere. At a pressure of 5 lbs. 
per square inch above atmospheric pressure water boils at 228°F. ; 
when the pressure is increased to 15 lbs. per square inch above atmos- 
pheric pressure the boiling point is approximately 250°F. Saturated 
steam at a pressure of 1 5 lbs. per square inch above normal atmospheric 
pressure is an extremely efficient sterilizing agent destroying all life 
within ten minutes. 

■ In sterilization by steam under pressure if is very important to 
expel all the air from the disinfecting chamber or the efficiency of the 
steam is reduced. This is done by allowing steam to pass freely 
flirough the sterilizer for a few minutes before the valve is closed or, 
alternatively, by partially exhausting the air inside the chamber before 
admitting the steam. A temperature of 250'’F. should not be exceeded 
or goods may be damaged by the heat. 

Steam under pressure is in constant use for sterilization of infected 
material in bacteriological laboratories and hospitals, the method 
generally adopted being to subject the material to be sterilized to the 
action of saturated steam at 250°F. for twenty to thirty minutes in 
the autoclave. 


Chemical DisiNrECTANTS 

Whilst a large number of chemical compounds possess germicidal 
powers many are of little practical use as disinfectants owing to their 
to xicity, corrosive power or cost. The actual processes which occur 
during me destruction of bacteria by disinfectanis are complex and 
imperfecllv understood, but the injurious action of these substances on 
living organisms can frequently be attributed to definite tspes ol rc- 


action. 
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, , ihc fni — of "H'l prolc.ns are 

OwdaOoTljQirSbLSlt-;--;;-; ^^ to CMlt t hejr^ 

three corom on^aHJI^ n'mndifi calion of the^i mraMlty 

j!l££? Iss** aiiihl olhm act by inlcrl'erenc eRilh the 

of the_ ba ^ra rfi flerent types of reaction may occur 

III! i,ilin1rm 


smuhaneously^^^^^ ^ ^ bacterial population is 


V/hen the 1 


i<*Ti tiie leium iiwiiwi* — c> - - , 

studied It IS found that many more bacteria are kiHed 


nt the hcinnnms of the process than to wards the end Although there 
- 1 -ith rii^rnieciams. a nrc.innmarv ' ^nod of the- 

maiority of the organisms m the suspension are destro>ed m quite a 
short time Complete sterilization houever is cITected only after a 

longer perio_d An examination of the number of organisms 
“surviving at different^ages durmg disinfection shous that the number 
of bacteria killed m unit time bears a constant relationship to the 
number of surviving organisms i e , the process of disinfection is of the 
nature of a monomolecular reaction A reaction of this kind is a special 
example of the Law of Mass Action and is illustrated by the mteraction 
of solutions of two chemical substances where one reagent is present 
5n such excess that alterations m its concentration ro^ be disregarded 
and only the other reacting substance may be considered as undergoihS 
change In the dismfectmg process the disinfectant corresponds to the 
substance m excess while the bacterium is the reagent undcrgoiug 
change The destruction of bacteria by a germicide is in this respect 
similar to a chemical reaction and other analogies may be discovered. 

the process of disinfection is affected by chanp *^ tpm peratu^ 
m the same way as a chemical reaction being acederated hy 


crease^ qjid retarded by a fatt. m temnemtury^ The extent to which the 

rate of disinfection is mfluenced by alterations m temperature 'v'anes- 
vnth different types of germicide and different organisms Thus a rise 
of lO’C renders the action of phenol agauist Staphylococcus aureus 
about five times more rapid against the typhoid bacillus a similar nse 
mate phenol eight times more rapid The bacteneidal action ofJlSl- 
honever. is increased to a much OTaTer erten, .he erai^TSmunt 
of the increase vapang with ddKJint organisms For example ansa 


m temperature of lOX mtolves a 12 fold 


increase m the rate 


of 


bcf^honn°tte f'”' ‘he staphylococcus It has 

a nse^ »f ‘ha foot and mouth virusDy hot 

rapid’ whenevernns process of dismfcdion 201 times as 

Oianae in ost'S'Etactairts shouldheused in hot solutions 

of a rsinfcctaat namrallv inyohc sA 

Simple proportion but an exponential (loganth- 
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mic) relationship, the value of the exponent, which is termed “n”, 
warying for each disinfectant. For phenol the value of “n” is about 
'6, and doubling the concentration of phenol increases the rate of dis- 
infection 2“ or 64 times. Thus whilst a 1 per cent, solution of phenol 
is a relatively strong disinfectant and is capable of destroying typhoid 
organisms in a few minutes, a 0.5 per cent, solution is relatively feeble 
as a disinfectant its geimicidal power being 64 times less than that of 
the 1 per cent, solution. For mercuric chloride the value of “n” is 
about unity and the germicidal value of this salt thus bears a direct 
Telation to its concentration. 

The presence of organic matter interferes with the action of al l 
germicides, even a purely physical agent such as beat being rendere d 
less effective when organic matter is present. There is a noticea ble 
■protective action when the organisms are containTd in material whiclT 
is particulate or vi scous. . Moreover, the organic matter may react with 
the gennieirie to form compounds which are less eflective than the 
unaltered disinfectant, nr it may have a neiitralizlTie effect on the dis- 

infectant, thus reducing substances present in water which is polluted 
■with sewage may lessen considerably the effectiveness of chlorine as a 
•germicide. , 

The pH of the solution influences the action of many disinfectants ; 

for example, phenol and its relatives and the chlorine compounds are 
■ more active in acid than in alkaline solutions . The strong alk alies 
themselves are, however, powerful disinfectants . 

Practical Application of Disinfectants. The conditions under which 
the various chemicals are used affect their potency to a very marked 
degree. .. _Allsolutions of disinfectants should be made with clean water . 
Mode ratelv-solt water, tliat is water containing not more than 12 part s 
of calcium carbonate per- 100,000, is much to be preferred-to a haid 
water. This is esneciallv imnortant when the disinfectant has a 
rli-nnsinp actio n, as is the c.Tfe with Liquor Cresoiis Saponatus and 
■similar preparations. In m.aking a solution of a desired strength it is 
imnortant that the quantities of water and of the disinfectant ar e 
ac curately measured and not guessed. No other chemicals must be 
added tha n the one it is desired to us e. The combination of two or more 
riisinfectanls. so far from increasing the potency of the sohition . may 
bring about chemical reaction with the production of inert new sub- 
stances . The vessel in which the solution is made must be clean, and 
the reagent used must be thoroughly rai.tcd with the water and not 
merely added to it . In selecting a disinfectant careful thought should 
be given to the purpose lor which it Is to be used and its possiBle effects 
imon matciials wlih which it will come imo contact. The d^tructivc 
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toown . The formula CaOCIg is usually assigned to it. The common 
commercial product otten contains impurities, especially an excess of 
calcium chlorid e. Bleaching powder is made by passing chlorine o^ 
s lightly moist slaked lime , and is a dull white or greyish powder with 
a distinctive unpleasant smell. It is moderately soluble in water (in 
about 20 parts). The bactericidal activity of bleaching powder depends 
on the amount of “available chlorine” that it contains, and this should 
not be less than 30 per cent. This amount is specified as the minimum 
when the powder is used as a disinfectant under the regulations of the 
Ministry of Agriculture. Bleaching powder is unstable, and under the 
action of atm ospheric CO. is liable to decompose, so that the available 
chlorine content is reduce d ; if kept in damp surroundings and exposed 
to light and air, the decomposition is more rapid, it must therefore be 
stored in airtight tins. 

The germicidal action of bleaching powder nrnbahiv consists of a 
combinatio n of-oxidation and chlorination of the protoplasm nf th e 
bacterial cell — - 

Although p owerful disinfectants the value of bleaching powder and 
of all the chlorine-containing disinfectants is limited by the fact that 
they are rapidly-inactivitated in the presence of organic matter. The 
use of bleacliing-powder as a disinfectant for animal houses-when con- 
tagious disease has occurred is thus somewhat restricted, though it is 
a good deodorant and may be employed in the routine cleansing of 
stables. As regards its use in cowsheds and dairies, there is the further 
disadvantage that it is liable to taint the milk, . 

Reference has already been made to the use of bleaching powder 
for the sterilization of watei supplies (sec page 33). 


^SodiumJffypocfihriie.-^Like^ bleaching powder, sodium hypochlorite 
' owes its germicidal power to a combination of chlorination and oxida -. 
tion. It is a powerful geimicide in the absence of organic matter bu t 
^f much albuminous material is present its efficiency is greatly reduced. . 
It deteriorates rapidly if stored improperl y ; the salts of the metal s 
nnd exposure to light or heat can soon bring about loss of active chlorine 
content. - 

The use of approved sodium hypochlorite solutions as an alternativ e 
to steam for the sterilization of dairy utensils is authorised under the 
Milk and Dairies Regulations, 1949. Approved solutions must contain 
9 to 12 per cent, of available chlorine, not less than 0.7 per cent, of 
sodium chlorate and not more than 2 per cent, of free alkali. The 
“Chlorinc-wash” recommended by the Ministry of AgricuUure and 
Fisheties is made by adding S ozs. of the approved solution lo 10 
gallons of hot water (above Itil) F.) together with 4 oz. of soda ash or 
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another detergent It should be noted that large quantities of alkabne 


55B 


utensils ha\e been nns 


they are thoroughly scrubbed m the hot chlorine-wa; 


sequently nnsed m a bath oi 
adding a large teaspoonful of the appro%e 


Trigs 




tion oF the udder for milking and for the disinfecting of teat cup s 
after removing them from one co’ft and facfor^pl acmg them oin the next 
The solution used for this nu 


approNed solution to t^o gall ons of clean v. ater 





utcUime may be used as^ disinfectiD 


reacts with moistur e and is con\erted into hme uhich has 

little eermicidat actAntv — rr 

dressing wih-quicklimeo f land .'hich fa, 

^mMhe organtsms-of-contagigus disease is fr.»ipTPmK~adTDcated but 




pathogenic organisms 
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^^ercmic Chloride (Perchloride of mercury, Corrosive sublimate). 
Mercuric chlorideiis of little practical value as a disinfectant fo r 
~vetermary purpos es. Its early reputation as a powerful eermicide in 
great dilutions was proved to be unfounded, its action |eing largely 
bacteriostatic and not bactericidal. Moreover, it is very toxic to man 
and amimals, it has a corrosive action on metals, and such anti-bacterial 
powerg as it possesses are rapidly dim/nfshed in the presence of protein- 
containing organic matter, the mercury being precinitated as the ip- 
s oluble albuminate of mercury. 

. . * - 

x/' PJtenqf (C^bolic acid). Subsequent to its popularisation by Lister, 

Dlienol long held premier. uosition as an antiseptic and disinfectant . 
NowatUys, imwever,^or most practical j)uiposes other agents are to be 
'preferred, tho ugli phen ol is stjll used as a standard in assaying the 
■value of olher,germicides (see^page 315). _ 

In sufficient concentration nhenol fs effective against a wide range 
of organisms ;, most common bacteria are killed after five or ten minutes 
exposure to a 1 m 80 dilution at 30*^ Q , Spores are more resistant and 
It has been shown that anthrax spores can survive very considerable 
exposure to 5 per_cent. pheno l. The viruses, too, show considerable 
resistance to its action . 

Unlike many-other disinfectants, phenol maintains its activity well 
In the"presence of-organic matter but oil or alcohol greatly reduces its 
disinfectant powe rr- When used in aqueouV solutions phenol acts ara 
protoplasmic poison, the intact molecule reacting with the bacteria l 
protein to--form-~msol ub Ie-albummates,— but when oil is nresent the 
phenol shows little tcnclency to combine ^a’th'thcprotcin of the bacteria. . 
j ^crcases in temperature enhance the anti-bacterial action of phenol 
Fut, as noted on page 309, slight dilution reduces its powers con- 
siderably . Other disadvantages of phenol as a disinfectant lor vete r- 
inary purposes- arc that it is very toxic to man and animals and i s 
ir ritant in germicidal cnncentrations. it is expensive compared with 
other more efhciCTt agents, and its odour is readily absorbed bv-mtlk 

■nnd other food products .- 

-Crude carbolttracid consists"of 95 to 97 per cent, of crcsols and 
higher homologucs with but little phenol. It is only very poorly soluble 
in c old water and thus an unsuitable agent for use in pra ctical 
"mlcclibm ~ ™ 

f/'CrcsoIs. The three isomeric forms of crcsol, ortho>, mc(a« and pard- 
cresol,* f orm the basTs of a large number ol propnet.ar>* tusmtcctams . 

The crcsols ^rc only^ moderately solnbie in watcr7 to the cxtcnrpf 
hbout 2 per^nt., and arc thercror^cncrally emulsified mth soap. 





















cleansing purposes and thus increases their cflectiveness : on the 


nd ^cessiie quantities of soap reduce their disinfectant powers. 
Et^sified disinfectants are more powerful than solutions of equa^F 


ue to absomtion on the bactena o 


strength, this effect being 3 

particles of the emulsion leading to a local concentration of the dLS * 
jnfectant in the immediate vicinity of the organisms The.cresol^d^ 


E!T 















m IS an aqueous s 


an 37 j:. of 


though it is a powerful bactericidal agent there is a considerable la 


period before formalin begins to exert its effect. This period is reduced 


at higher temperatures and the overall emciencv of formalin as a dis- 


i nfectant increases when the temperature is raise d. Warm solutions - 
are thus to be preferred for practical disinfection pxirpo'ses! 


e power of foimaldehyde as disinfectant is not markedly reduced 


in the presence of organic matter and it is an effective agent against 








ion is also useful in dealing with tuber- 


ulous sputum and similar material. Though formali 




respect of some other agents, e.g., caustic soda. * 

Formalin makes leather brittle, it should not therefore be used on 



and is extensively used as a dressing in many parasitic sta'n disease 


le product for the disinfection of stalls, loose- 


oxes, kennels or poultry houses which have housed animals affected 





east 0.1 per cent, of the gamma isomer 
e used as a disi nfecta nt in suc h cases, annlied as a spray. 


other building, distribute a tiun film of benzene hexachlonde over all 


exposed parts of the premises 


Standardisation of Disinfectants 


Whilst it is very desirable that there should be some method o f 
measuring the relative bactericidal powers of disinfectant no compictriy 


satisfa ctory method is avaifabfe. 

in u\c IhricnlWvaIk'er'm(*thod varying concentrations of the germi- 


cide and of phenol are allowed to act on the test organism (usually B. 
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typhosus), a mmimal amn imt of oreamcjnatlcI-litmS-ptsc^ 
are at mtenals of 2 K.m mitttsJlliLluli£S-ate 
bToth. and the absenro or ocoincnce of grn alh after 7 da> s’ iroafellg' 
is tkben as cMdcnre oi tha dc>tniction or sur\» al of the orga nism^ 
the disinfectant nuxtur^ fhe ttcatet dilution oi' phenol which 
steribzes the suspension m a gitcn time is divide d by the 
dilution of the disinfectant that is lethal m the same time F or exampj^ 


if the test organism is destro\cd in 10 minut es bv n M 
tion of phenol, -whereas it is killed in the same time b> a 1-1000 ^>1° 
tion of the disinfectant under test, the nhenol fngfficient of the disin 


fectant would be 10 




ism (B ty phosus\fot a fixed time m7. 30 

I 20 C (6b' b ) m the presence of a co 
a^unt of organic matter as r epresented bv a 3 ner cent ^ 
of dried human laeccs Us permicidal action under these condjt 


IS then compar 


Both the above 





articular set of conditions and are also of little \'alue m assessio 


disinfectants v.nicn are unreiat^ to nhennt nnd tchieh eteri theif 
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known that the ntitity of gaseous disinfection is very limited , and that- 
the “disinfection,” even tinder the most favourable circumstances, is 
mostly unsatisfactory. 

Fumigation has, as its object, penetration of the gas into all parts of" 


the room or building, so 'that the surfaces of the floor, walls etc., may ' 


■pnr 


this means. To be effective, the chamber must be rendered air-ti 


envise constant dilution of the fumiaan 


of air into the apartment, with simultaneous escape of the disinfectan 


ord 

ake 




mm 




iiution ta 


xes, etc., where it is an impossibility to prevent the ingress- 


of air» gaseous disinfection, should not be attempted but it may possibly 


e used in dog-kennels and catteries and in suitably constructed loose 


boxes. Fumigation of incubators is a useful measure for the control 
of salmonella infections in poultry (see page 438). 

Kumlgation ot ships is extensively practised, chiefly for the lethal' 


effect orthe gas on vermin which might be disease carriers. 


Sulphur Dioxide, Fumigation with sulphur dioxide is of little value- 




veimin this gas is more effective than formaldehyde, but is itself ; 



The gas may be generated by burning rock sulphur, the ignition- 


being aided by methylated-spirit and wood shavings, or by burnin 




ined with combustible substances. In either case a water bath should 


surround the ignited material as a great deal o 


uantity ot-sulpnur required is 6 to 8 lbs, per 1,000 cubic feet of space , 



er containing tlie^ilnhur is suspended near the ceiling or roof. 


surfaces are tarnished ^ the gas and the colour of fabrics 
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Its action is favouied ty a room temperature of 
idaUve humidity of 70 to 75. Formaldehyde m ay be obtained fro^ 
a solution of formalin by evaporation under ceimm conaiuonsVjy 


e solution with various cnemtca 




i n an open \cssel. it is f ound that w 
r apidly than formaldejudeTand 
the solution incr eases. As soon as 




armt.tiisTOintwir 


8 per cent. When a solution o 




- pleled the room should be thoroughly vent ilr^ted and a d^hue-. ^inlution 
ammonia may be sprinkled on the floor. The method for use inejS 
incubators is described on pa ge 438. ^ 

Exposure to rormaldehyde vapour is also approved as a method of 
-disirfenmg straw, hay or chaff that is imported as packing etc., Wo 
Austral!^ Canada and New Zealand. Under the regulations of the 
.“I Commonwealth of Australia, a 

^.tote has to be given that '-Straw used in the manufacture of tbe 
articlM or m the pactang mhejg^s in the-shipment . . . has be«n 
65"F a°n°d tho" “ '■aving a temp&ature oHlot le55 thyi 

SlM-’ ^ tprayatnono fluid ounces of formaldehyde 

“ISfm eSr;”o^“V'“c of formaldehyde by 

ght) for each lOOO cubicXeet of space in the.compartment, the com- 
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partment being immediately closed in such a manlier as to prevent the 
escape of the formaldehyde vapour, and being kept closed for not less 
than eight hours.” Disinfection by steam is an alternative method 
<page 306). 

Hydrogen Cyanide, (Prussic Acid, HCN). Hydrogen cyanide is a 
liquid which boils at 79° F., and is therefore a gas at a temper ature 
little warmer than that of an ordinary room . The gas is colourles r 
nn d has the odour of bitter almonds. It has no value as a bacteri^e 
^ut is used for the fumigation of ships in order to free them of rats and 
j jnsect pests and for the destruction of insect pests in human dwellings . 

^ On account of the danger to human life, fumigation by HCN mu st 
be carried out by a soeciallv trained staff. 

Prior to the fumigation of a ship bv hydrocyanic acid gas the most 
rigorous measures must be taken to ensure that noperson i.s left abroad 

• with the exception of the officer in charge, the wntchtnan and the 

operators. The ouavs iHe should also be rorUmUeft, nnd no ship with 
persons on board be permitted tr»-li e Mn-nnuiHe Port-holes, venti- 
l ators, and holds are closed, the hold hatches being covered with tar- 
paulins, and the portion of the ship to be fumtoted is made as gas - 
tight as possibl e. Within that space, passage doors, etc., are opened 
so as to per mit the tree access oi' rne gas to all parf si Cupboards, 
drawers, etc ., should be left open, so that the gas may enter and destroy 
i nsects. The bilges, nine casing and other inaccessible parts wh ere 
rats are likely to lurk should be opened up to facilitate-n cpEljation 
bl the gas. The lifeboatsmust also be prepared for fumigation . Food 
and fluids used lor drinking should he r emnyerf The ship should als o 
he examined lor P laces where the gas is likely to coll ect in “pockets,” 
so that special attention may he given to the ventilation of these areas 
after fumigation. 

gas'raay'bc generated in several ways, as, for example, by the 
action of an acid on sodium cyanide. For each 1000 cubic feet- of 
spacc-5 ounces of sodium cyanide arc treated with a mixture of 7J 
ounces of commercial sulphuric acid and 10 ounces of water. The 
specific gravity of the gas is approximately the same as that of air and 
its rate of diffusion is consequently slow. In a ship xvhere there are 
passages and a number of holds and other spaces hydrocyanic acid gas 
should therefore be evolved at several points. It has been suggested* 
that the diffusion of HCN may be hastened by liberating the gas in the 
upper decks and withdrawing air from the bottom of the ship througlT 
the sounding pipes. TIte fumigant spreads downwards and is distri- 
buted more rapidly throughout the ship. 

. •Fark, Rost and Lannuih, Joum. Roy. Sao.insU, 1933, Vol, LIV„ p, 35. 
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Altematncly hjdrocyanio acid gas may be generated by the use of 
ZvUon or from liquid hydrogen cyanide 

ZyMon is a proprietary substance consisting of kicsclguhr imprcg- 
nated nith a mixture of liquid HCN (95 per cent ) and of 
(5 per cent), the tear gas ttams persons if there is o ‘f™B"0"s 
amount of HCN in the air ZyUon is stored in strong hermetical y 
sealed tins containing various amounts of HCN, c g ,500,1000 andlSM 
grammes The tms are opened uith a special tool ^vhlch prevents tne 
escape of gas, and quantities of Zjklon arc scattered in thin laycr^n 
sheets of paper or canvas placed at suitable positions m the ship ™. 
tv. 0 chemical fluids contained m the porous diatomaccous matcrnl then^ 
volatilise and diffuse into the surrounding air. Two otinccs of the 
net HCN content are allowed for each 1000 cubic feet of space and an 
exposure of 2 hours is given At the end of this time the ship is 
opened up and thoroughly ventilated After lime has been allowed 
for the gas to dissipate a cage containing a rat or canary may be low er^ 
cd into the hold: if the animal is unaffected by exposure for at least. 


10 minutes operators with gas masks enter the ship and remove t 


residue of the Zyklon The ship may be considered safe for occupa- 
tion when all parts, mcludmgthc suspicious areas where gass is liable to 
“pocket,” can be entered without discomfort from lachrymatory ga* 

The gas may also be^obtained by the vaporisation of liquid hydrogen 
cyanide, which is contained cither m strong glass bottles or in steel 
cylinders Two ounces of fluid are allowed for each 1000 cubic feet 
For the fumigation of a loaded ship the quantity of HCN should be 
doubled, and, m addition, it may be necessary in some ships to give an 
exposure of 4 hours Liquid HCN is also procurable m vessels con- 
taimng a warning lachrymatory gas 
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concerned ; its virulence, method of spread, whether or not it is able 


to form resistant spores and mher factors must all be taken into 



and walls. This should be disposed of by burning, or if this is not 


be stacked separately and subsequently distributed 


on arable land to which animals have no access.- In cases of anthrax 


and glanders, the whole of this material and the surroun 




made to remove it. 


e walls ftp a height of at least 6 ft.), floor, troughs and fittings 


should be thorouehly cleanse 


rmsBMfi 






manner to the It 


a with an approved disinfectant. 


WRSilHPS?iSBBtMW5!gi 




6. After twenty-four hours, wash out the building with clean cold 


' water and then leave it, with all windows and doors open, to dry. • 


e process of disinfection all t 


xKs, b'arro'ws, etc. , TOC'st themselves 


he thoroughly clean s ed a nd disinfected .- The at te ndants c arrying out 
the disinfection should wear nibher boots and protective clothing which 


In cases of anthrax, rubber cloves should 






The procedure to be adopted in disinfecting after an outbreak of 


an y of the notifiable diseases is dealt with inthe section devoted tp thos e 
disuses (pp. 365f.I and mention is also.made.of other, non-notitiahle 
conditions in the control of which disinfection and general hygiene 
play a considerable part (pp. 423f.). 

The method of disinfecting transport vehicles, in accordance with 
the Transit of Animals Orders is desCTibed on page 446 and the dis- 
infection of incubators is considered on page 438. 

Disinfection of Cattle Yards^^^ Hvitcn disease has occurred in a cattle 
yard all litter and dung to a depth of about eighteen inches should be 
cemoved andltacKcd separately irom oiucr manuj;c. r At siiould dc l^t * 



























1)6 obtained from the Ministry of Agriculture a nd Fisheries. It should 
^le clearly understood that this prohibition does not reier solely to car- 
cases of animals that were affected with notifiable diseases. The law, 
•which is clearly stated in several Orders, is quite definite. For example, , . 
Article 16 of the Animals (Miscellaneous Provisions) Order of 1927, 
states : — ^“It shall not be lawful for any person except under and in "* 
•accordance with the provisions of a licence of the Minister or, the per- ^ 
■nnssion in writing of an Inspector of the Ministryj to digTipTof cause 
to be dug up, the carcase of any animal that has been buried.” 

Article 1 of this Order defines Animal as “cattle, sheep, goats, ’ 
all other ruminating animats, and swine, horses, asses, mules, dogs, and 
-cats.”* 


For legislative purposes, carcases can be placed in either one of two . 
■ groups — (g) those of animals which were affected — or suspected to have 
'been afiected — ^with a notifiable disease, an d (b) those which were not ~ 
' go affected . In the case of the first group, specific instructions as to the 
• disnosal of the carcases are issued with each relevant Ord er, t hey have 
•to be buried, cremated, or taken to a destructor. Article 15 of the ' 
Animals (Miscellaneous Provisions) Order gives power to a Local ' 
Authority to move carcases for the purpose of destruction : — 

“Any carcase required by any Order of the Minister to be disposed 
•of by the Local Authority may, notwithstanding anjihing in the Order 
•prescribing the mode of disposal, be destroyed by the Local Authority 
■by exposure to a high temperatme upon the farin or premises upon 
■which the carcase is, or upon the nearest available premises suitable for 
■ the purpose, but the carcase shall not be taken into the district of 
another Local Authority without the previous consent of that local 
Authority.” 

Disposal by a local auth ority at a central destructor of anima ls 
aiffected widi contagioiLS diseases is a more sanitary proceeding than 
burying them on farms and, where circumstances permit, a local autho- 
rity possessing a dcstrunor-should grant lacilities lor a neigh' 
hority to use it.' 
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n^,l. If disposal IS by bunal. thecami se must 

:,^A Tint less t han 6 feet of e arth above it 
' — 'In all I^ses. other than amhra x, the skin has to be sojlash _ 

be nolTd that the "qaicldime” used is 
andtiSiforehas no erosive Mionon the 

~5thet “disinfectant?^ may in fact actually r etard decompo _ 

the carcase ^ Tn 

•*' TtiP f,iina1 nlace niut be distant from a •well or -water course ^ 
. . . _ ”1 »^^i»cc?iTV Hf»T\th before COlRJEg 


to water, and also in some localities it is d> 


depth, owing to roc 




lying at the edge of the grave, i e 




the viscera and c^ecase with the soiled earth ai?:^ _^-j 

ihr fnnlri inp "nth n marpn frr ‘inHy, ufted aiL. 

throvrTi into the pit betore it is tilled in As the smell of the carca^ 


may attract foxes and dogs, the area may be watered wit 
ilKinfectant which wiU act as a deierrent for a suffiaent Igi 




Cremation oi Carcases The Ministry of Agnculture recoinni®^^ 
following methods* for the cremation of anthrax carcases, either o 
which will be found suitable for dealing with individual carcases 
farm premises m rural distnets — 


The Pit Method. For the carcase of a large cow, di p a pit ing gShP^^ 
about 7 ft by 4 frbyl^8~m deen The rfrmth mtlan beij!- 


filing 




"•Ccmpmwn to Hoodbook ofD.teote, ofAmmoU AM md OriM! W’® 
APP«»4« IL, pp 137 138 
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being extended along the draught channels to around surface 


<(2) Place a few pieces of heavy timber, iron rails or other suitable 

material nf intervak tirrngt ventilation trench so as to 

>(3) Cover bottom of nit with thin pieces of wood, e.g,, faggotwood . 

(4) Add larger pieces of wood. i» p— c nrit wood. 

(5) Saturate with paraffin. 

Add coal. 

The pit if constructed about 18 in. deep will now be filled with fuel 
To about ground level and the carcase can thus easily be placed in 
position. 

The fire is started bv lighting the straw at one or both ends of the 
lighting points. 


Surface Burning Method. This method can nsefiilly be adonted when 
labour is scarce or when the nature of the ground is not suitable for 
the construction of a pit, i,e., when the land is waterlo gged for the 
mibsoil iSyOf rock. , 

(1) Two parallel trenches about S ft. bv 9 in. bv 9 in. deep and 

2 feet apart are dug in the direction of the prevailing wind, 
at the site selected for cremation. 

(2) The carcase is placed over the trenches . 

(3) Co^ is placed on and around the carcase. 

S.4) Cord or sftniTar type wood is atf u'ea’ to tEe wihtfwara' siu'e o f 
t |ie coal. ^ 

{5) Faggot or simil ar tynC-WDod-is-now-hlaced in position on the 
windward side. , 

.(6) The wood is soaked with narafiin . 

i(7) A small quantity of paraffin-saturated straw is added . 

The fire is then lit. 

For the cremation of the carcase of a large cow bv the pit method, 
annroximately j ton coal, j; ton wood, a truss of straw, and 2 gallons 
of parafiin arc required. As a general rule it will be found that mo re 
fuel is required for siuface burning than in the case of the pitmethp d. 

W hen a large number of carc.ascs is to be disnosed of bv hurn'mg 
■some modification of the pit method is usually adopted. It may be 
■done as follows : — , 

Dig a shallow trench about 3 feet wide and 9 inches deep; the 

length wifi depend upon the number of carcases to be cremated, and 

jfor this purpose there should be an allowance of 1 yard for each 
carcase. In t he centre of the shallow trench anothernarrow draught 
■tre nch. 9 inches d ee p and S inches wide , should be dug out and cm- 















Indnaotion Cb"”’^ 

showiDg the lUmtrates the Inaneralion 

Char^g Plaironn Chamber, ^ 


S evt^tSe^af ™ *” ‘h' pit =>"<1 f 

™ ““““ ’'^™g its hrad on tho opposite side 
the trench from ,ts neighbour. The remainder of tfe ^od should 



paraffin should be at hand, and then no difficulty wiil be experience d. 
Wlrere pig and slicep carcases are also'io ht cremated they ca 



wood IS sufficient for 20 to 30 tons of coal, but it wi 


niHiiijiftnraniinE 






of disposal by burial must be adopted. 


Fiame Gun Methods Recently some experiments have been carried 
out on the destruction of single carcases by means of “flame gims.” 
In this ca<;e no pit or trench is necessary and the carcase is gradual! 


destroyed by d irecting a powerful nn it hq it 1ies_nn the surface 
or on corrugated iron sheets. The time taken depends 


s available: it has been shown that the 


carcase of a cow can be destroyed m five hours using ten guns at a 





which has been described is acrairable on isolated farms, Local Autho- 


ritics should be encouraged to proviae oestructors to wnicn carcases can 


be talcen m a properly constructed float. 


obvious ; tramea men handle tlie carcases with prope r precautions ; 
the carcases are sat'elv Oisposeci ot without dragging them across yards 
arid fields, tlie labour is less, and the surrounding neighbourhood is not 


S H T " 


provision which is usually made in connection with incinerators or 
estnict ors crerted for the dis^^l ol towns' rcluse. "^heie -suuh 
furnaces e:ost the grates or furnaces are usually arrangeiTTn scries 
■and a combustion cliamber separates the furnace structure from the flue 
which conducts the products of combustion to the chimney. The 
position of this combustion chamber in the track of the combustion 
gases ensures that the highest temperature will occur at this point and 
it is usual to provide a door to this chamber for receiving carcases of 
dogs and cats and other material. Carrying this idea a stage further, 
the roof of the combustion chamber can be constructed so as to leave an 
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orifice sufficient to admit the carcase of a bullock, and tins opening is 
fitted s\ith a movable co^cr of cast iron A simple form of hoisting 
tackle sufilces to ^cmo^c this co\cr plate and to lift the carcase and 
lower It into the combustion chamber The accompanying illustration 
shows the construction of the facilities provided m Edinburgh at the 
Powdcrhall Depot of the Ocansing Department Observations which 
have been carried out show that the temperature in the combustion 
chamber under normal conditions reaches ISOCTC , and that the carcase 
of a bullock of average weight is completely disposed of m the space of 
2 hours It is very important to seej htl_fl_R Ood heat is g enent^ 
before the carcase is placed in the chamber 


Knackcncs Knackeries serve an cutrcmcly useful purpose in_thc 
agricultural by gathering up cadavers a nd animalsjvhich have 

to be killed which w ould otherwise be a nuisance Further, th ev-con- 
vert waste and obnoxious mi a r(\mmfv lin»>c.Qie hlS fond ■ 

for cats dogs, and poultry, and meaiJUid bonc-maal-^ind fertilisers 
Knackeries are to a certain extent controlled by the Protection of 
Animals Act, 1911, and the Scottish equivalent Act of 1912 and also 
by the Food and Drugs Act, 1938 As an offensive trade a knackery 
comes under the jurisdirtion of local authorities 

No carc ase of a bovine animal w hich has been fopnd-dead without^ 
any history of disease should be admitted into a knac kery unles s 
a^mpanied by a veiennary sdfgeort's ccrtdicaie siatincltTo be free _ 
from anthrax 


DIPS AND dipping 

Histonral. The practice of dipping as we now understand the terffl 
IS a development of comparatively recent times, dating from the first 
teade of the nmeteenth eentory Pr.or this time, hand^dressing. 
m r',J^"or *=>3thcmle. escepting immersion of sheep 

ttithanlmso”^? “> hand treatment 

des^ibfs Ss of o7!tnd ""“a ^00 years B C. 

water, which was applied by ha„7? ‘'ncortion of lupin and 
shearing. Two or tSLla7l7^^H° '^'n of the sheep after 
ormsea water This treatment "ashed in the sea 

scab, to protect the animals from u successful for sheep 

of wool and to improve us qualit ^ to increase the yield 

his time of smearing scabby sheen ^ Hi, alludes to the practice in 

od lees, ^pume of silver, native\^ t °'^*meni composed of bitter 
’ sulphur, idean L squill. 
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■hellebore and black bitumen, followed by immersion in a stream or 
Tiver (Fig. 106). Later classical autliors merely repeat such informa- 
tion, and the use of these methods continued into the Middle Ages. 
In the fomrteenth and fifteenth centuries the salving of scabby sheep 
with tar, mixed with oil or grease, or with a mercurial ointment, became 
the standard treatment. Fitzherbert, in his Boke of Husbandry, pub- 
lished in the year 1534, was still recommending the use of “meddled 
tar,” but describes an elaborate dressing, consisting of broom cops, 
leaves and flowers, chopped small and boiled in water until the pre- 
paration thickens to a jelly-like consistence. To this decoction were 
Ihen added sheep’s suet, stale urine and brine. The mixture was then 
^strained through a cloth, and while still lukewarm applied to the skin 
-of the affected sheep with a sponge of a “piece of an old mantle.” 
Tn the eighteenth century infusions or decoctions of tobacco, with or 
Tvithout additions, appear to have been used to some extent in Germany. 

The treatment of sheep scab by immersion of the affected animal in 
an antipsoric fluid was introduced by the French agriculturist, Tessier, 
'in the year 1810. Tessier’s dip consisted of a solution of arsenious 
.acid and sulphate of iron. The solids were boiled in water to effect 
solution, and the final product contained about 0.82 per cent, of 
■arsenious oxide. The excess of the iron salt was supposed to exert an 
astiingent action on the sheep’s skin and to prevent absorption of the 
toxic agent. Variations on Tessier’s formula were brought out from 
■time to lime. Bitter substances, such as gentian root and aloes, were 
■often added with the object of rendering the dip unpalatable, thus 
checking any disposition of the sheep to drink the dip. All of these 
preparations were crude and dangerous. Deaths from arsenical 
poisoning were frequent, and iron-staining of the fleece was a serious 
-objection. 'William Cooper, an English veterinary surgeon, invented 
the arsenic-sulphur powder dip in 1843, and in the latter half of the 
nineteenth century the coal-tar creosote and carbolic dips began to 
be developed. 

The discovery by Smith and Kilbome, in 1893, of the association 
dretween tick infestation and bovine piroplasmosis led to the first experi- 
ments in cattle dipping in the United States of America. It was 
■common experience that any kind of oil or grease would destroy ticks 
when applied to cattle infested with these parasites, and this led to 
■ attempts to apply oil by means of the dipping bath. Crude cotton seed 
oil and various petroleum oils were tried, the oil being floated in a 
' layer two to three inches in depth on the surface of the water in the 
•dipping bath. Oils were also sprayed directly on to the skins of the ' 
■cattle. Fairly good results were obtained in the control of ticks, but 
cthe cattle were apt to suffer from tlie adverse effects of these oily 
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dressings. Ultimately it was found that certain 
were highly efficacious against ticte and stock-raising 

arsenical dips have been extensively used m all^ the stoc 
countries of the world tor the control of tick 

The discotery of the parasitieidal activity of DDT 

hesachlondehasprovided powerful new weaponsmthecontroorert^ 

parasites of sheep and cattle by means of dipping. The fact that ps- 



Fio. 106— From an old woodcut lUustrating Vergil's obsetva* 
tiOQS on sheep scab and its treatment {Georgies, Lib. ///•)• 

containing these products exert a considerable residual effect increases^ 
their value as compared with other dtps, the effect of the latter bein&- 
in general, of short duration. 


ArsemC‘Sttlphur Povder Dips. These dips are usually prepared wit 
arsenious oxide, sulphur and sodium carbonate. The final produt 
consists of a complex mixture of arsenic sulphides, other arseni^ 
compounds and sulphur. To comply with the requirements of tt 
Ministry of Agriculture (Great Britain) arsenical sheep dips, dilute 
lor use, must contain not less than 0.20 per cent, of total arseo 
(exprw^ as arsenious oxide), including not less than 0.13 per 
of soluble arsmic (expressed as arsenious oxide). For the puipo^' 
of a second Jppmg -within a period of not more than fourteen da; 
S arsenical dip, the Ministry will appr» 

TrimS? >>3* containing not less than half the quanti 

or total arsenic and of soluble arsenic as stated above. 
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Arsenic-sulphiir dips are effective for the treatment of sheep scabies^ 
and also control ked, lice, tick and maggot fly infestations. Though 
their action is slower but more lasting than that of the phenolic and 
nicotine dips they cannot compare for residual effect with dips con- 
taining benzene hcxachloride and DDT. 

Coal-Tar Creosote or Phenolic Dtps* A typical coal-tar creosote 
dip consists of a homogeneous solution of a neutral soap or soaps in ai 
coal-tar creosote. The composition of the coal-tar creosote varies 
according to its origin, whether from horizontal or vertical retort gas 
tars, from blast furnace tars, or from low-temperature distillation 
tars, but, in general, may be taken as a mixture of coal-tar acids 
(phenols), neutral hydrocarbon oils and, to a minor extent, pyridine 
bases. The crude product usually contains an excessive amount of 
naphthalene, which has to be removed by chilling and filtration before 
the creosote is suitable for the manufacture of a satisfactory sheep dip. 
When diluted with water, the homogeneous solution forms an emulsion 
which should show no tendency to separate. The stability of the 
emulsion depends upon the presence of the soap, and as most natural' 
waters contain lime and other mineral salts which combine with the 
soap and thereby render it inert, it is desirable that a coal-tar creosote 
dip should contain sufficient soap to allow of the use of moderately 
hard waters for its dilution. Sometimes these dips are made in paste 
form instead of liquid, but they possess little advantage in this form 
and are more difficult to mix. 

The coal-tar creosote dips are quick in action, but are not satis- 
factory for the treatment of lice and tick infestation, nor do they 
afford protection against maggot fly. 

The standard approved by the Ministry of Agriculture (Great 
Britain) for tar dips is that the liquid when diluted for use shall contain 
not less than 0.76 per cent, of total tar oils, including not less than 
0.36 percent, of tar acids. 

Nicotine and Tobacco Dips. These dips consist respectively of' 
aqueous solutions of nicotine sulphate or an infusion of tobacco leaf or 
waste tobacco. The use of nicotine sulphate in the preparation of a 
dip has the advantage of yielding a product of standard concentration, 
whereas the nicotine content of a tobacco infusion varies according to- 
the particular sample of tobacco used in its preparation. Concentrated 
extracts, such as the well-known “Blackleaf 40,” are on the market, 
and are standardised to a definite nicotine content. Nicotine and* 
tobacco dips are effective against all the common ecto-parasites of the 
sheep, but are expensive, and the extract dips are apt to staia the - 
fleece. 
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To comply with the requirements of the Ministry of Agriculture 
(Great Britain), nicotine dips must contain not less than 0 1 per cent 
oi nicotine, and tobacco dips must consist of a water extract obtamed 
by soaking not less than 35 lbs of tobacco ii\ 100 gallons of water 

M} sulphide Dips. These include the well-knoivn lime and sulphur 
dip and the sodium polysulphide dip Lime and sulphur dip is pre- 
-pared by boiling sulphur and slaked lime in suitable proportions m a 
definite volume of water After boiling for 30 to 40 minutes, the 
mixture is allowed to settle The supematent clear liquid is then run 
off, and, after dilution, is ready for the dipping bath As the hme 
used for the preparation of the dip is variable in composition and some- 
times of very poor quahty, home made lime and sulphur dips are apt 
to be far from satisfectory, both from the point of view of efficiency 
and from their injurious effect on the wool Concentrated hme and 
sulphur solutions are obtainable commeraally, and these save the 
-trouble and imcertainty that attaches to the home made product 
■Various formulae for the preparation of lime and sulphur dips are gi> wt 
in the publications of the various departments of agriculture 

The formula approved by the Ministry of Agriculture (Great 
Brilam) is that not less than 18 lbs of sulphur with 9 lbs of hme 
•shall be used with each 100 gallons of water 

The sodium polysulphide dips are prepared in a similar manner, 
with the difference that caustic soda is used instead of lime 

The poljsulphide dips are effective m the treatment of sheep scabies, 
Tiut are practically useless for all other ecto parasitic infestations of 
the sheep 


CrejjUc Add Btpi. These dips conlam cres>ln: acid and soap only, 
and MC rraddy distinguished from the coal tar creosote dips in the 

opalKcent solution when 
me ,wr “ "f “P’ ‘o the fleece, and 


fome’r^ral fwT tlow-kdlmg msecticide with 

a bath concentration ofO “I,"' P^^P’® 

against Icds and ticU “ted effectn ely 

ptoperi J fomuhtrf diorn’r tj?' " recent > ears has shown that 

of Sing tS ’'““Wot'de are capable not only 

5 tre external parasites of sheep hm also remain effeetise m 


THE CONTROt-OF DISEASE 


33S- 

the sheep’s fleece for much longer periods than other dips. Downing* ‘ 
has demonstrated the value of benzene hcxachloride dips in the control' 
of psoroptic scab on sheep, a single dipping affording protection for 
eight to twelve weeks . . 

The Ministry of Agriculture has now approved certain dips con- 
taining benzene hcxachloride for use under the Sheep Scab Orders • 
and when these are used a single dipping is all that is required (Sheep • 
Scab (Amendment) Order of 1948). With all other approved dips,., 
double-dipping is necessary (see page 400). 

It has not yet been possible to lay dotvn any definite standard for 
the BHC content of these dips (only the gamma isomer is effective as . 
a parasiticide) and dips submitted for approval are tested individually 
at tlie Ministry’s Veterinary Laboratory. 

Benzene hexachloride dips have also been shown to be very effective • 
against keds, ticks and lice. 

DDT Dips. Dins containing 0.5 per cent. DDT have been claimed to ■ 
give good rSiiUr im the control ol'.blow-tlv strikes.in. sheep with pro- 
tection for six weeks or more. 1 1 On the other hand, some workers have 
f ound that DDT dips do not give ethcient protection to dirty scouring 
sheep. § ' ~ 

Approved composite dips containing DDT and benzene hexachlo- 
ridc are available for use at tlie summer statutory scab dippings which 
arc usually carried out, in accordance with local regulations, in the 
months of July or August. Since this period coincides with the time 
of maximum maggot fly attack the statutory dipping for scab also ■ 
serves as a preventive dipping against maggot fly. 

Cattle Dips 

From the beginning of the twentieth century cattle dipping as a 
regular practice has been carried out in all of the stock-raising countries 
of the world in the warmer latitudes (the Southern Um'ted States, 
Argentina, South Africa, Australia, etc.) almost entirely for the pur- 
pose of tick eradication. 

In the early days of cattle dipping, soon after the discovery by 
Smith and Kilborne of the association bettveen tick infestation and 
bovine piroplasmosis, those dips that had been proved effective for 
sheep dipping were tried, but it was found that the ticks were highly 

•Downing, W. (1947). Vet. Record 59, 5%\. 
t Crags, 3. B. (1947). P«. J., 103, 117. 

tHughcs,L.E., Pollard. E., Field, H. I.. andJonre,J.M,(i947). Per./., 103, 265, 

§ Stamp. 3. T., Walt, 3. A., Beattie, I.S., Vet. Rec. 60, 335. 
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«s. 5 tant to the treatment, and that remedies tvhich ttere 
the control of ked, lice and scab infections of sheep were practically 
useless for the destruction of cattle ticks when used at strengths com- 
-patible with safety to the cattle Then followed a period in which 
Oily preparations (crude cotton seed oil, light and heavy petroleum 
oils, oil with sulphur, etc) were used with more or less success, but 
* were generally found to be expensive, severe m their effect on the cattle 
and, moreover, they left the skin and hair of the dipped animal m a 
greasy condition that was very objectionable, particularly where 


dairy cattle were concerned 

Attention was then turned to arsenical solutions, and these became 
a subject for extensive investigation m the United States of America, 
South Africa and Queensland, Australia These investigations estab 
iished the fact that arsenical dips afforded a practicable means of tick 
control, and they have been extensively used for this purpose Certain 
strains of Blue ticks and Cattle Fever ticks are able to tolerate arsenic 
but these are effectively controlled by dips containing benzene hexa- 
chlonde On grounds of economy, however, arsenical solutions are still 
prepared for most routine cattle dipping, benzene hexachloride being 
used m areas where arsenic resistant ticks have appeared 

The first arsenical cattle dips were prepared by dissolving arsenious 
oxide (v-hite arsenic) m a hot solution of sodium carbonate The 
solution of sodium arsemte thus formed was allowed to cool, and then 
a small proportion of pme tar v.as incorporated Originally, soap was 
also included in the formula to facilitate the emulsification of the 
pine tar, but was later found to be unnecessary, and was eventually 
omitted A formula prescribed by the U S Bureau of Animal Indus- 
try* w'as as follows — 


Arsenious oxide (white arsenic) 
Sodium carbonate (cryst ) 

Pme tar 
Water to 


8 lbs 
24 lbs 
1 gallon 
500 gallons 


m arsmic and soda were dissolved m 25 to 30 gaUons of wate 

In To 1 

Slimrn Th°'. thorough! 

In ^ ^ up to 500 gallons with watei 

and the dip w as ready for use h « 

prepared is not homogeneous, the tar cor 
ents tending to separate out from the concentrated dip on standini 

Oim ai RmwlIS'fe "'uuve to Arstme 

ItdMtrj Billcual44 65, pp ^ ^fAgricullure, Bureau of Anim 
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IFor this reason it is desirable that the dip should be diluted for use 
41 S soon as possible. 

Reputable proprietary cattle dips are so prepared as to remain 
diomogeneous in the undiluted condition, and wetting agents are often 
incorporated to enhance the tick-killing activity. 


Field Testing of Dips 

One of the greatest obstacles to the successful use of dips lies in the 
uncertainty that may exist with respect to the composition of the 
-contents of the dipping bath. 

In many cases the range or dilution of the dip, which is compatible 
■with efficiency as a parasiticide and not injurious to the host, lies 
•within comparatively narrow limits. 

Several causes may lead to the use of a dipping bath of the wrong 
strength. Impure materials may be purchased. Mistakes in the 
measurements of the dipping bath or errors in the computations are 
-often made by the careless, and sometimes even by the careful, man. 
All of these sources of error can be checked and guarded against. 

The greatest difficulties lie in the maintenance of the bath at the 
correct strength once it has been prepared. 

In the case of sheep dipping, provided that care is taken in gauging 
“the dipping bath and in measuring out the correct quantities of the 
■dip and water, no necessity for field testing will, as a general rule, 
-arise. 

In cattle dipping, on the other hand, it is quite another matter. 
A fresh bath cannot be made up every time a few cattle are to be 
•dipped. Practical considerations make it necessary to use the bath 
over and over again, often for a period of several months, making up 
“the bath at intervals to replace the dip carried out by the dipped 
•cattle. During this period of time evaporation of the contents of the 
bath, especially under the hot sun of the South African or Queensland 
summer, tends to concentrate the dip. This loss may be compensated 
by marking the level of the wash at the conclusion of each dipping and 
-adding the requisite quantity of water to bring tire bath contents to 
the same level at the next dipping. It is however, difficult to construct 
large cattle dipping baths which are absolutely watertight, and it is 
sometimes a matter of uncertainty how much of the loss may be due 
to evaporation and how much to leakage. Again, rain water, surface 
water and ground water may enter the bath and dilute the dip by an 
amknotvn amount. 

It is therefore imperative that some simple field test should be 
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available to those in charge of cattle-dipping baths to enable them t^ 
control the arsenical strength of the dip. The standard method is 
based on the ■nell-knovm reversible reaction 

AsA+2l!+2Hs05^AsiOs-f4HI, 
the reaction proceeding from left to right in neutral and aM'® 
solutions, and from right to left in solutions which ate freely aadified 


•with strong mineral acids. 

The first reaction is the basis of the simple method for the 
mination of the actual amount of arsenious oxide in the dipping bath.. 
A solution of iodine of any standard strength is run into any meastned 
aliquot of arsenious solution rendered potentially alkaline with sodium- 
bicarbonate, using starch as an indicator. 



Fio. 107.— Small s»ira bath, constructed ol galvanised iron. 
Capacity 240 gallons. Suitable for the dipping of small 
Cocks. 


When a bath icmains filled for a long time oxidation of the arsenit^ 
to arsenate may take place and this change cannot be detected by a 
field test- It IS thus desirable m such cases that the bath be emptied 
and refilled with fresh dip or that a sample of its contents be sub- 
mitted for laboratory examination before use. If the amount of oxida- 
T by the uddition of 'a smaU 

SL ‘'®’ 


Sinxp Dipping Baths 

a dip With an established reputation be 
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selected, non-success is generally due to defcttive appliances and faulty 
methods. 

■ It should be the aim of every sheep-owner to possess his own dipping, 
bath. The co-operative .dipping bath has been tried out in many 
countries, but, generally speaking, has proved to be unsatisfactory. 
Sheep-owners who have installed a dipping bath on their own property 
are better able to select weather conditions suitable for dipping, and 
they are able to avoid the driving of sheep over long distances, which 
is one of the most serious drawbacks to the public or co-operativo 
dipping bath. 

When considering the construction 6f a dipping bath, the sheep- 
owner must be guided by the size of the flock to be dipped and by 
local conditions., If sand and gravel are easily obtained, a dipping 
bath constructed of concrete is the cheapest to build and the most, 
lasting. In a district where a suitable building stone is readily avail- 
able, it is often expedient to build the bath of rough dressed stone 
blocks set in cement mortar. Where the soil is subject to movement, 
or under the conditions presented by the deep black soils of Australia, 
for example, which are so affected by climatic conditions as to swell 
in wet weather and develop widCj cracks in dry periods, a concrete 
bath is liable to crack, unless expensive reinforcement has been em- 
ployed in its construction. In firm soils, very satisfactory baths may 
be built of bricks set in cement, and in districts where suitable timber 
is at hand, this material may be used for construction. Timber-built 
baths built to a sound design, and not subject to intermittent drying 
out, wffl last fat marry years. Fat the snnrfibr sites af dippisg Jaite', 
the galvanised iron type is convenient and econorm'cal. 

The simplest form of dipping bath is the wooden hand bath with 
a capacity of about 60 gallons. The bath stands on the ground, and 
a cover is usually fitted, which is folded back when the bath is in 
operation, and supported by a trestle which serves as a drainer on 
which the sheep is laid for a short time after its immersion. The sheep 
are lifted singly into the bath with their backs down and held by the 
legs by two operators standing one on either side of the bath. A third 
operator is generally required to take charge of the head of the animal. 
The operation is very laborious and uncomfortable for the men, and 
.the process is quite impracticable for the dipping of more than a small 
number of sheep. 

The swim bath is sunk in the ground, preferably with its rim- 
■ oulficiently raised above the surface to prevent the access of soil and 
litter. In the smaller types, the sheep are lifted in by hand and leave 
the bath at the opposite end by an exit slope leading to the drairiing 
floor. Small swim baths measure from 7 to 10 feet in length, with/ 

— V.H. 23 
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a width of 2J. to 31 ‘he fop, hat thebX^at 

depth of 3i to 4i feet (Figs 107 and 108) The ^ of ttcbatb at 

the eatiance ead is sertical, but the exit end is sloped at an gi 
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■pit on either side of the bath for the dippers to stand in for convenience 
5n handling the sheep. This is quite unnecessary, and it is much better ; 



to handle the sheep in the bath from the ground level by the hid of 
fa crutch with a Iiandic of 6 feet or more in length. Short s%v'im baths 
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ate suitable for the dipping of flocks up to 500 head of sheep, but for 

larger flocks a long swim bath is to be preferred. 

Long swim baths (Fig 109) measure from 40 to 80 feet in length, 
with capacities ranging from 1000 to 4000 galloiw, and the sheep^ 
enter from a crush race of their own accord, or w'ith a little pe^ 
suasion from the dipper. One operator stands at the entrance to check 
a too rapid entry of successive sheep, and one or two men stand at 
intervals along the side of the bath to immerse the heads of the sheep 
with the crutch as they swim through and to assist them up the exit 
slope to the draining floor. The end wall at the entrance end is often 
made \ertical, in which case the sheep plunge directly into the wash. 



^ira ba* with central -island.” The top of 
the swing gate, leading to the exit slope, u seen to the lefL^ 

If, on the other hand, the floor of the bath is sloped at the entrance 
as well as the exit end, the sheep arc able to walk down into the wash 
and, their cn^ being more gradual, they are not so hable to sw'aUoW 

accident which may happ«^ 
when the sheep plimge headlong mto the bath. 

circular^u^m*^b^h ^ ^ South Africa is the 

a 7 to 9 feet it. 

500 to?™ “"4 a capacity of froia 

an exit slone the - o«^ cone. From one side of the bath 

gate iMdstothedra' ^ proTrided with a sliding or a 

acmth?„or?i™=;KT®a°""- Tit' >h«P enter thebathfroffl 

uraceorareputmbyhaud. They then swim round androtmi 
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■the bath until the gate is opened and allows them to walk up the exit 
slope to the draining floor. The circular bath is less costly to construct 
than a long swim bath of the saine capacity ; it is convenient to use, 
and requires one man only for the manipulation and supervision of 



the sheep while in the bath. The building of a central island is not 
absolutely ncccssarj', but its present reduces the quantity of dip 
required to fill the bath to a mtninium dipping level, and so rcdnixs 
the ^vastage of residual dip. The central island also serves as a plat- 
form from which the dipper may conduct his operations. 
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In the bihlding of concrete dipping baths it is customa^ » 


in the Duiiorag oi ^ ^^^ 5 ,vation to- 

an estra 6i inches all round in making the preliminary ^ 

Sotv 6 inches for the thickness of the waUs. bottom -"d 
half-an-inch for the cement plaster facing. A timber franm o W 
priate shape is then built in the excavation, and the spare „ 

frame and the soil is fUled in with the concrete and the bath gradre y 


bnilt up to the coping Details of construction, quantities, etc.,_aie 


be found in various pubUcotions of government agricultural dep^- 
ments and others ; “Sheep Dipping Baths" published by 
Cooper, McDougall and Robertson Lti, Berkhamstead, ti r 
En^and, is a particularly useful booklet. 

The exit slope from the dipping bath is an important det^* 
is frequently made too steep, and its surface often affords insumci 
foot-bold to sheep \shose fleeces are laden with liquid and axe fflo 
or less exhausted at the moment when they are allowed to 
bath. The inclmation of the exit slope should not exceed 30 (1 
by any large amount, and should be fitted with cross battens of 
or strips of tire iron set into the concrete or otherwise fixed to th 
surface of the slope. ^ . 

The provision of a draining pen is essential to every dippmS .7^ 
and, excepting very small dipping baths, it is desirable that the draimo? 
floor area should be divid^ into two or more pens, with fences an 
gates so arranged that as one pen is filled it can be closed and an 
pen opened for the reception of the next lot of sheep. The desixab c 


area of the draining floor is decided by the size of the dipping 


bath 


and the numbers of sheep that are generally dipped at a time. 
allowance of 3 square feet per sheep may be taken as adequate. *1^ 
draining floor should be impervious to water, and is best made o 
concrete laid on firm ground. The surface should have a gentle fah 


of about 1 : 50 to the gutter which conducts the drainings back to the 


dipping bath, and should be slightly roughened so that dirt ^^d 
droppings are retained on the floor and can be swept off at intervals* 
thus prcv’cnting excessive contamination of the bath. 

In wann countries h is desirable to fix an open roof over the 
draining pen to afford shelter to the newly-dipped sheep from exccssi'’*’ 
exposure to sunlight 

To avoid waste of dip arrangements must be made to ensure the 
mum of as much as is possible of the drippings from the drah«®5 
floor to the bath, men sheep leave the bath, Sly half of the 
m a «turared run off, and if means are not adopted 

.^n ^5 the dramings back into the bah, all this is wasted, ^ 
<0 wnrtrua drximng wxlU vith some form 
tlnmung dc«cc from nhreh tte dmininv. tte dipP«5 
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^"bath. The returh pipe from the draining well sh6uld he arranged so 
as to enter the side of the bath as far as possible from the exit end, 
^sO as to a!yoid the accumulation of filth which otherwise wohid cling 
to the sheep’s backs as tliey emerge. Many metliods of dealing with the 
drainings have been adopted, but Figs. 112 and 113 will suffice to 
illustrate the general principle. A second pipe may be led from the 
draining well to the nearest drain in order to lead off, rain water which 
falls on the draining floor and thus prevent its access into the dipping 
bath. Wliere such a device is fitted it is necessary to' furnish each 
pipe with a plug or stop valve, so that either pipe can be; closed as the 
occasion arises. i 

The sheep dipping bath should always be carefully gauged when 
it is installed. This can be most conveniently done by running in known 



Fjo, 112.— Buckettype orDraining Well. A. Inlet gutter carrying drainings from 
draining pen. B. Perforated bucket lo retain droppings and solid matter. 
C. Trap for fine sediment. D, Outlet pipe returning liquid to the dipping 
bath. E. If the draining pens are sufficiently high, .the outlet may be placed 
below the bucket, as shown at E. The bucket is supported on two pieces of 
galvanised iron piping the ends of which are fixed into the concrete sides of 
the draining well. ' ' 

volumes of water from a tank of known capacity and noting the level 
at which the water stands in the bath after each addition. The level 
should be marked every 20 or 25 gallons. The gauge mark should be- 
aSixed permanently to the side of the bath. A rod similarly marked 
would serve the purpose, but the permanent marking on the walls is 
preferable. In any event, a marked rod may be kept in reserve, in 
case the marks on the side of the bath become obliterated. 

Much time and labour can be saved by the provision of properly 
planned receiving, approach pens and entrance crushes. The design 
of these will vary considerably according to local factors such as the 
size of the flock, the position of the dipping bath in relation to the 
approach from the pastures and the type of building materials available. 

In some dipping installations a pen to contain two or three decoy 
fiheep is built near the entrance to the bath. Tlic other sheep seeing: 
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,1he decoys in front of them, are more readily persuaded into the 
^^"Stting the sheep into the bath by hand is undoubtedly the best 





^^"teem?sSi“'“‘^’’“^’«‘“>-'>ononsandshd-n* 
Snd themsehm on a s^nLi’T® "I- entrance ra» 

memseism on a slippaiy slope from which they sbdc into the bath. 
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■x)r a tip-platfonn entry, which allows about six sheep to be discharged 
unto the bath at a time, may be used. Where the latter is employed, 
^however, it must be designed and used with great care if injury to 
.the sheep is to be avoided. 

For the construction of the fencing surrounding the collecting and 
'draining pens and forming the sides of the crush and entrance races, 
it is important that the rails should be fixed on the inside of the posts. 

Cattle Dipfing Baths 

The general principles of cattle dipping are similar to those of 
-.sheep dipping but on a correspondingly larger scale. 

The cattle are assembled in a collecting yard, from which they pass 
-through a triangular crush pen, from which they are admitted in 
-single file into the entrance race. There they are urged to plunge into 
■the bath. During their passage through the bath they become com- 
-pletely and thoroughly wetted with the dip. They find their feet on 
■the exit slope, and pass into the exit or draining race and out at its 
open end. 

The action is continuous, and the animals soon become accustomed 
-to the ro-utine, requiring very little persuasion to go through the various 
stages of the operation. 

The drainings flow back to a sump, where solid mailer, manure, 
•etc., are strained out, and the wash then runs back into the bath, thus 
avoiding waste. 

The site selected for the construction of a cattle dipping bath should 
"be on slightly sloping ground, to prevent the settling of stagnant 
water round the bath during heavy rains. Preferably it should be near 
■the homestead, and in proximity to a good water supply. In setting 
out the position of the bath, the latter should follow the direction of 
-the natural slope of the ground, the exit being on the higher ground, 
so as to ensure that the drainage from the exit race shall be towards 
the bath. 

Before starting the work of excavation a trial hole about 10 feet > 
-deep should be sunk to ascertain the nature of the sub-soil. A loose 
.-sandy formation is undesirable, as it is liable to move or settle, parti- 
' K:ularly beneath the exit slope, with result that cracking of the bath 
may ensue and cause leakage after the bath is built. For a simihar 
reason, a heavy clay sub-soil should be avoided if possible. 

The choice of materials for the building of a dipping bath trill be 
.determined to a large extent by local conditions as to costs and avail- 
ability of supplies. The majority of cattle dipping baths are built 
-of reinforced cement concrete, and in the long run they Itate proved 
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to be the most durable, serticeable, and generally the 
Strurt and maintain. Very excellent baths may, however, be bunt oi 
stone, rubble, brick, galvanised iron, and wood. The last 
necessarily are perishable, and should not therefore be employ ^ 

no other material is available. If bricks be used, they should be e.thCT 
hard burnt (non-porous) bricks, or, if olherv-'isc, they should be 
.with Portland cement. The same applies when a porous stone is u^ 
Concrete baths should be constructed with care, precautions being ta en 
to ensure that the placing of the concrete is done without intcrruptioi*- 

1. The Steep Slope and Sudden Drop at Water Level, 



2. The Level Entrance with Small Steps and Sudden Drop*- 



\ 3. The Cndoat watk>in Entrance with no Sudden Drop* 



Fio. 114.— Diagram fllustratiag three types of “take of” for 
cattle dipping bate. 

aad that the work is kept moistened until the cement has absorbol 
snfficimt water to ensure that it sets properly. The rcinforcinf 
Mmal for concrete cattle dipping baths is usually in the form »■ 
of ’>»= work, and so disposed a* 
^ec^lly to tie it together. This is a great safeguard against 

of vaUs, 11^ etc. 

wMch ^‘Pt'tted timber is requii^ 

P”' “■ any hard nativewood, but rough timba' 

referred tZtiP cojistractional details the render 

<^“Sns aud specifications issued bf 
rseta^Z and by dip maWfactuiers. . . 

lu selecting a parucular design of bath, it is weU to bear in nn»r 
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the object that it is required to accomplish.. Primarily, it must secure 
complete if only momentary immersion. The animals must plunge in 
and under the dip. 

Three fonns of take-off for cattle dipping baths have been advo- 
cated ; — 

1 . The steep slope and sudden drop at water levfl. 

2. The level entrance with small steps and sudden drop. 

3. The gradual walk-in entrance with no sudden drop. 

Of the three forms of take-off illustrated in Fig. 1 14, numbers 1' 
and 2 provide the best results, for the reasons explained hereafter. 

The gradual walk-in entrance shown at No. 3, although favoured 
by some, is not to be recommended, as there is an absence of sudden, 
drop, which is essential if the animal is to receive a complete overhead 
wetting. No. 2 has a practically level entrance with small steps 
leading to a sudden drop into the tank. This arrangement enables the 
animals to steady themselves for the plunge, and thus prevents the 
possibility of accidents 'by slipping, which may result in a fractured 
leg. Every beast goes imder and receives a thorough wetting. There 
need be no fear of losing dip through backwash if the back step is 
made six inches high. No. I take-off is equally satisfactory, provided’ 
that the surface of the steep slope is well roughened to give the animals 
a sure grip for the steady plunge. The angle of the slope should be 
such that the beast plunges head first. 

Shape and Dimensions of Cattle Dipping Baths, Sheep dipping baths 
are usually built with diverging sides, but experience has shown that 
for cattle dipping baths a cross section such as is shown in Fig. IIS 
best serves the purpose and at the same lime economises dip. The 
vertical upper part of the side walls to a large extent prevents the 
dip being splashed over the sides. Also, it is found that with this 
section of batli there is less risk of long-horned animals getting jammed 
when under the liquid, a thing that is liable to occur in baths having 
walls diverging above the dip level. 

As already mentioned, the primary object in dipping c.attlc is to- 
secure complete immersion, length of immersion being of less impor- 
tance tlian is the case in sheep dipping. The question therefore which 
should determine the nunimum length of the bath is the distance wltich 
an active and vigorous animal can jump. The bath should be of such 
a length that tlrere is no risk of the most active animal jumping .and 
landing on the exit slope of the bath, which might mean broken legs. 
There is. however, one other consideration to be taken into account. 

A very short bath means a sm.all capacity, and, if larger numbers of 
animals are to be dipped at short inteivals, it would rapidly become 
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foul and need renewing frequently. The length of the bath, therefore,, 
should depend also on the number of cattle to be dipped. For the- 
smallest herds the length of the horizontal floor of a cattle bath should 
not be less than 15 feet. To obtain adequate immersion whilst allowing, 
cattle to swim freely through the bath the length of this horizontal floor 
should be at least 24 feet. 

Obviously the capacity of a bath may be increased by deepening it 
without affecting'its efliciency, but, as the same object can be attained 
by lengthening it, the latter seems to be the better plan. A depth of ' 
7 feet below dip level meets every requirement. 

At, the entrance end of a cattle dipping bath the side walls should 
rise at least 6 feet above the dip level to prevent the animals jumping, 
the walls and to prevent splashing over when the animals are plunging 
into the bath. Towards the exit slope'the height may be reduced by 
2 feet. 

For cattle dipping baths an exit race is preferable to a draining 
floor, like the draining floor, the exit race should fall towards the 
dipping bath and provision be made for the drainings to be returned 
to a sump, from which, after straining and sedimentation, the dip is 
returned to the bath. The width of the exit race should be 3 feet, or 
sufBcient to allow tlie cattle to pass through in Indian file. The 
length of the exit race should be sufficient to allow the dipped animal 
the drain completely before it leaves. A length of 120 feet meets the • 
case. ' 

As cattle dipping baths are used at short intervals over long periods, 
it is necessary to prevent rain water from getting into the bath, and 
also to check evaporation of the wash. Some kind of roofing is, 
therefore, desirable. This need not be an expensive affair, since a 
suitable covering may be erected with hard-wood poles and thatching, 
grass. When constructing the roof care should be taken to allow 
sufficient walking space on one side of the bath, so tliat prompt assist- 
ance can be rendered to any animal which may be in difficulty whilst 
going through the bath. 

Spraying Cattle. Although dipping is generally the most effective- 
method of destrojing ticks on cattle, llierc arc circumstances whieh 
may make it impracticable to install a dipping bath, as, for instance, 
when the herd is so small that the expense is not warranted. More- 
orer, with the newer insecticides, belter results may often be obtained 
by using a fresh wash of known eonccntralion in the form of a spray 
tlian by dipping in a wash which has been made up for some time, 
is dirty and of unknown strength. The principal drawbacks to spra>ing 
ate iis liighcT cost for labour, and tlic opportunities it presents for 
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•careless work. Hand spraying, to be effective, must be done with great 
"thoroughness, because if any parts of the animal escape being wetted 
"the ticks on those parts will survive the treatment Proper supervision 
-of the operation is therefore necessary 








w: 








Expcncncc has shown that spra>ing is a practical proposition for 
Ticrds of up to 200 head with thcir followers Adequate control of the 
animals is essential and this is best obtained by using a crush*raco 
designed for the purpose One recommended arrangement is tint in 
Vihich there are two races each holding ten cattle, opening off the same 
•coUcctmc pen and used alicnntclv so that the spra>ing can be carried 
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on as a continuous process, one race being filled whilst the cattle ini 
the other are being sprayed 

The pump used should be capable of maintaining a steady pressure^ 
of too lbs per square inch and an ou^ut of half a-gallon per minute 
A hollow cone type of spray is best and an important point is a trigger 
control which enables the spray to be turned on and off at will 

A more elaborate device for cattle spraying is the spraying machine 
(Figs 118 and 119), which was introduced to mnimise labour and 
increase efficiency The machine has the advantage of portability, so- 
that It may quickly be taken to an area threatened with an outbreak of 
disease, thereby precluding the necessity for removing the ammals from 
that area When permanently installed, the spraying machme should be^ 



Fio Its — C^per Spraying Machine The spraying tunnel 
*.uL.Vi * «ries of pipes carrying numerous spraying 

fSo,,. from above 

fined with a coUectmg pen and races as for use with the dipping batli-[ 
spraying machme consists of a short tunnel of appropriate cross 
^lon conarueted of sheet metal At intervals along the tumiel. 
pil« furnished with nozzles are attached to the wall A storage tank 
tte fo™’’ T ‘h' ‘tumcl The floor of the tunnel is m 

apioctoaL^,"^^’ tlra'nings collect and pass through 

apipetoastramer aud so return to the storage tauk 


uippiNG Accidents 

ofbeaOTc’UxaehltnTandDl^^ 

flips particularly those of the ar^,.^ T " 

•Jon,. D W (1552) To, , “'“'*P>'™“hcEroups 

SV (1552) and BHC for Domesuo Anmnl. 
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Where manufactured dips are used in strict accordance with the 
maker’s instructions, accidents are exceedingly rare. When they occur 
the cause can generally be traced to abuse of the dip, faulty mixing, 
or the use of faulty appliances. Excessive strength of a dip may be 
avoided by having the dipping bath accurately gauged and by reasonable 
care in measurmg out the quantities of the concentrated dippmg material 



Fio 119 —The CooperSpraying Machine End view, 
showing the machine in operation. 

and the water. Such operations should always be supervised by some 
responsible person. 

In sheep dipping it is best to start operations with a freshly-mixed 
batli, but if a residue of dip is carried over an interv.al in the dipping 
operations, then the greatest care should be taken in replemslung the 
bath, in order to secure that errors do not arise. Mistakes are liable 
to happen in dippings carried out under the Sheep Scab (Double 
Dipping) Order of the Ministry of Agriculture (Great Britain), uhen 
a second dipping must be carried out at an interval of not less than 
eight and not more than 14 d.ays after the first dipping. In such cases 
It is not unusual to retain the rcsidu.il wash from the first dipping 
and to replenish this at the second dippmg. If an ancnical dip is 
— V.IL 24 
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used at both dippings the strength of the residual dip raurt be rcto^ 
by the addition of an equal quantity of uater, to give the half strong 
required for a second dipping at the prescribed interval In Uus 
ease the second dipping must not be carried out less than tm, no 
later than 14 days after the first dipping During the interval r 
water may have obtained aceess to the dipping bath, diluting the mp 
and reducing its efficient strength, or evaporation of water may have 
occurred, uith a corresponding concentration of the dip If a note 
•was made at the cessation of the first dipping of the level (by gauge 
mark) of the residual dip in the bath, the necessary adjustments can 
be calculated If uncertainty exists, then the residual wash should w 
thrown away and a fresh bath mixed With an accurately gaugM 
bath a record can be made of the dipping level at the cessation of the 
first dipping operations and adjustments made accordingly when the 
time comes for replenishment 

Where arsemcal powder sheep dtps arc concerned a prevalent cause 
of accident is imperfect mixing of the dip In preparing a powder dip 
for the bath, very little water should be added at first, and the dip 
should be worked first to a thick paste and then thinned down to ® 
■creamy consistency before the material is poured into the bulk of 
■water m the dipping bath The principle involved is that which appb®s 
to the mixing of dry powders generally with water, e g , cocoa, starch» 
or flour If an excessive amount of water is pouicd on to the powder 
in the first instance, aggregates of powder are formed, wetted on th® 
outside but containing dry powder -within, and no amount of stirring 
will break these down. When such an imperfect mixture is poured into 
the dipping bath, the imperfertly wetted dip floats as a thick frotby 
scum on the surface, and the first animals that -pass through the bath 
carry off this scum on their backs often with serious results 

In the case of the carbolic dips, the use of a hard or brackish water 
for dilution may lead to a breaking of the emulsion "with a separation 
of tar acids and tar oils, which float on the surface and arc similarly 
earned off on the backs of the first sheep that pass through the bath 

overdrivmg of 

"^"“^'"‘^'PP^S'^^orowdmgmthedram 
ShecH^dlr rf® ■“ mivenulated shej 

xhe opvratiou ,s ooXet^ am 

•put mto the bath by hand each simi amnia 
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lhe animal should be allowed to recover from the shock of the sudden 
immersion. 

Arsenical Poisoning after Dipping. Arsenical poisoning may result 
from absorption through the skin, by ingestion of the dipping wash, 
or by inspiration of dipping wash into the lungs. 

The amount of arsenic that can be absorbed through the healthy and 
intact skin is inappreciable, but if the skin becomes inflamed by con- 
tact with excessively strong solutions, then rapid absorption may 
occur. Arsenic is also readily absorbed through the raw and inflamed 
areas of skin which are found in sheep tha’t have been subject to maggot 
fly attack, and also through skin wounds, shear cuts, etc. 

Where arsenical poisoning by absorption through the skin has 
occurred, evidence of this can invariably be found in the presence of 
purple reddish patches of oedematous skin on the back and loins. When 
the skin is removed from the carcase,, corresponding discoloured areas 
may be found on the flesh side of the skin, and there may be an accu- 
mulation of clear yellow or blood-stained serum in the subcutaneous 
tissues. In post-mortem examinations care should be taken not to con- 
fuse the skin discoloration caused by hypostatic congestion with the 
lesions of arsenical poisoning by absorption. . Where arsenical absorp- 
tion through the skin has occurred, the internal viscera will show more 
or less of the usual symptoms of arsenical poisoning. When the arseni- 
cal poisoning is a result of ingestion or inspiration of arsenical solutions, 
the internal symptoms will be those usually associated with arsenical 
poisoning, but the skin le-sions will be absent In all cases of suspected 
arsenical poisoning, particularly where the poison has entered by the 
alimentary canal or the respiratory passages, post-mortem findings 
should be confirmed by chemical analysis. 

Where arsenical poisoning occurs after dipping, the animal shows a 
state of extreme depression, with drooping ears, and a disinclination , 
to move, and, if it survives for a few hours, may scour. In fatal cases 
death generally oecurs within 24 hours of dipping. Animals that sur- 
vive for 48 hours generally recover. 

Phenolic Poisoning after Dipping. Where poisoning occurs after 
dipping in coal tar creosote or other phenolic dips, the poison may be 
absorbed through the skin or may enter the body by srvallorving of 
the dip or inspiration into the lungs. The onset of symptoms is 
usually slower than is the tase of arsenical poisoning. The afiected 
animals look depressed and show a disinclination for movement. The 
respiration becomes rapid and laboured, and the characteristic 
sjuiptoms of pneumonia develop. The visible mucous membranes are 
cyanosed, and the breath may have a pronounced phenolic odour. In 



356 


VETERINARY HYGIENE 

fatal cases the alTeeted animals generally pass into a 
with a sub-normal temperature, and die ™ ^ 

condition. Deaths rarely occur svithm 24 hours of ^P^g- ^ 

continue for seven days or even more after dipping. The P°^-® 
findings are those of a general hjperaemia, with a more or l«s mirase 
inflammatory condition of the lungs and the bronchial and tracneai 
mucous membranes. 

Visposal of Waste Dip Washes^ On account of their toxic mature, 
the safe disposal of waste dip washes is a matter that demands con- 
sideration. 

It is obvious that such materials must not be discharged direaiy 
into a stream, river or pond, or in such a place that there is the slighte 
risk of them finding access to wells or underground water storage 
reservoirs or cisterns. 

The most satisfactory arrangement is to construct a sump or soak- 
away pit adjacent to the dipping hath and to discharge all waste dip 
Into this sump. The size and depth of the sump will depend upon the 
quantity of waste dip that has to be disposed of at any one time. ^ 

Email sheep dipping baths where it is unlikely that the dip residue 
amount to more than 100 gallons (approximately 16 cubic feet), a prt 
3 feet square and 4 feet deep (36 cubic feet) should be ample. It 
usual to fill the pit with large stones to prevent falling in of the sides 
and when tWii is done allowance should he made for the voluffl® 
occupied by the stones in order to ensure that the capacity.of the sump 
is sufficient to take the waste dip without overflowing. A cover of 
wooden boards or corrugated iron sheeting should he placed over the 
Bump when not in use. 

The arsemc in arsenical dips is quickly rendered inert by predph^' 
tion in an insoluble form by contact with lime salts, iron oxides and 
other common constituents of soils. Investigations have sho^vn that 
even where soak-away pits have been used for the reception of arsenical 
dip wastes for prolonged periods, the arsenic penetrates to a ve^ 
smU extent into the surrounding soiL In one particular instance i» 
which son ^lyses were made, no arsenic was found outside a zone 
of 9 inches from the walls and floor of the pit. 

mere the soil is too impervious to make the use of asoak-aw-ay 

-“y >>= into a pit and the arsemo 
^«p.ta ed by the addition of lime or a rolntion of ferrous snlpha«- 
^ mohible arsenate settles to the bottom, and the snpemaiant cl^ 
T "“S' ^Jloti-ed to 4t off. A 
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REGULATORY ACTIVITIES BY THE STATE 
IN ANIMAL DISEASE CONTROL 

The control of contagious disease in animals is of such vital importance, 
not only to the agricultural industry but also to the food needs of the 
whole of mankind that nearly all countries have adopted legislative 
measures to deal with the major scourges. As far as Great Britain 
is concerned, its insular position is of very great value in controlling 
the introduction of animal disease from abroad and many of the official 
regulatory measures are designed to consolidate the natural advantages 
of our island situation. 

, The earliest.legislation for the control of animal disease in Great 
Britain was aimed at the control of cattle plague. In 1745 an Order 
in Council was passed declaring this disease infectious and prescribing 
the slaughter of infected beasts, disposal of carcases and bedding, and 
the cleaning and fumigation of sheds.* 

Subsequent outbreaks of cattle plague during the latter part of the - 
ei^teenth and early part of the nineteenth centuries were dealt with 
by similar Orders in Council. In the eighteen-forties, severe outbreaks 
'of sheep-pox occurred and in 1847 and Act of Parliament was passed 
empowering the Queen in Council to prohibit the importation of sheep, 
cattle and other animals or to admit them after quarantine. An Act of 
384S was designed to prerent the spread of eontagieus disease among 
'sheep, cattle and other animals and contained powers to regulate the 
movements of animals and meat. 

The powers conferred under these Acts however were insufficient to 
deal with the widespread outbreaks of cattie plague which occurred in 
1865 and the disease was not brought under control until the Cattle 
Diseases Prevention Act of 1866 was passed. Tliis Act compelled local 
authorities to slaughter affected animals and disinlect premises which 
had then to be left unoccupied for 30 days before re-stocking. By 
September 1867, cattle plague had been stamped out and the experience 
gained in the control of this disease and of sheep-pox led to the intro- 
duction of the Contagious Diseases (Animals) Act, 1869, which con- 
ferred more extensive powers upon the Privy Council and the Local 
Authorities to deal with these diseases and with contagious bovine 
plcuro-pneumonia and foot-and-mouth disease. 

♦Francis, J. (1948). The Contributions that (Juarantinc, Sanitary Measures and 
Eradication can make to Preventim Medicine. tVr. Aert 60, 361, 
t Francis, J. (1948). Op. e/r. 
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)espUe increased control over the importation of cattle, there were 
icr introductions of rinderpest in 1872 and 1877 but in neither case 
the outbreak reach serious proportions. Extensive epizootics of 
;-and-mouth disease and plcuro-pncumonia occurred, however, and 
Contagious Diseases (Animals) Act of 1878 resulted in the impos- 
n of more stringent measures. In 1884 an Act was passed prohibit- 
the importation of cattle from many European countries where 
ease was prevalent. 


e Diseases of Animats Act 1894. The Diseases of Animals Act 
?4 consolidates and amends existing legislation. Later Acts arc the 
•X of 1896 which amends certain portions of the 1894 Act relative 
the landing of foreign animals, the Act of 1903 concerning Sheep* 
ab, the 1909 Act which gives authority for the payment of fees to 
terinary surgeons for the notification of certain diseases, and the 
)10 and 1914 Acts which deal with the exportation of rmfit horses, 
he Act of 1922 deals with the importation of Canadian and Irish 
attle ; that of 1925 makes provision for repayment to the Local 
authority of part of the compensation payable by Local Authorities 
a respect of animals slaughtered for tuberculosis (now dealt wth 
mder the Agriculture Act of 1937), and the Act of 1927 repeals certain 
lections of the primal Act and increases the penalties for offences. The 
\ct of 1935 extends the application of the original Act to poultry and 
also introduces measures to control the manu^'acture and the sale of 
veterinary therapeutic substances. 


The AgricuUure Act 1937. Under Part IV. of this Act the powers 
of Local Authorities to carry out a veterinary inquiry as to the exist- 
ence of suspected disease were transferred to the Ministiy of Agri- 
mlture and these powers are now exercised by the Animal Health 
Division of that Ministry. The Act also gives power to the Minister 
tL newer 7' ““di'ot'oo of discuscs of unimals, it extends 

S?o crrLfn “"*7 f ^'““ehter of animals and i’ 

S fate Sr* ** "=Sord to diseases of poultry. 

freeveterinarvservfrM r ^ ‘'®™ '■'““e and the provision of 

tree veterinary services for owners of approved breeding stations. 

1950 cons°oMates theD*^ '**^**' Diseases of Animals Act 

the re“artf :?;w^:F“^ ‘894 to 1937 (inelndtag 

^.enactments relating to disease 1937) and certain other 

b 0 oiseases of aiumais mcluding the Exportation 
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of Horses Act, 1914 and 1937, the Impoitation of Animals Act, 1922 
(Section 2), the Importation of Pedigree Animals Act, 1925, Part I. of 
the Animals Act 1948 and section 2 of the Dogs Act 1906. 

Main objects of the Acts, Generally speaking, the Acts impose upon 
the Minister of Agriculture and Fisheries, as the central authority, the 
duty of devising and putting into operation measures for the control 
and eradication of contagious diseases amongst animals in England, 
Wales and Scotland. They confer upon the Minister wide powers to 
make Orders for these and other specified purposes, including : — ' 

(a) The declaration of infected places and areas ; 

(b) The prohibition or regulation of the movement of animals into, 
out of, or within such places and areas, and of the exposure 
of animals at markets, sales and exhibitions ; 

(c) The control of the importation of foreign animals, carcases, 
fodder, etc., for the purpose of preventing the introduction of 
disease from without ; 

(d) The muzzling and control of dogs ; and 

(e) The protection of animals and poultry from unnecessary 
suffering during transit by land or sea. 

Thus, while indicating the general lines of the procedure to be 
adopted, the Acts empower the Minister to prescribe the details by 
administrative Orders which have the full force of an Act of Parlia- 
ment. 

The main endeavours of the Ministry, so far as am'mal disease is 
concerned, are to prevent the entrance into this country of certain 
diseases, and to keep under control such as are here epizootic or en- 
zootic and to work for their ultimate eradication. With these aims in 
view the Acts arc formulated for the compulsory notification of these 
diseases ; for the immediate isolation or segregation of the diseases or 
suspected animals ; to provide for the diagnosis of suspected disease 
by specially trained persons ; for the slaughter of diseased or in- 
contact animals where this may be necessary, and for the payment of 
compensation ; for the apprehension and punishment of offenders 
against tlie Orders issued by the Ministry ; for the systematic inspection 
of markets, sales, fairs and exhibitions, etc., and for the seizure therein 
of any "diseased” or in-contact animals where this may be necessary ; 
for regulating the transit of animals under all conditions, both for 
safeguarding the country from disease and also for tlic humane treat- 
ment of animals when in transit ; for controlling the import of animals 
and things which may introduce disease, and for the inspection at the 
ports of disembarkation of living animals and for their slaughter while • 
isolated. ■ 
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Duties of Local Authonties Under Part IV of the Agnculture Act, 
1937 all vetennary duties under the Acts vere transferred from Local 
Authonties to the Ministrj of AgncuUtire v.hilst, generally speaking, 
the administrative duties remained with Local Authorities The more 
important of the duties retained b> the Local Authorities are as 
follows — 

1 The promulgation of the Ministry's Orders 

2 Thepowertomakeccrtamlocalrcgulations eg, concerning the 


dipping of sheep 

3 The appointment of inspectors (i e , non Nctcrinary inspectors, 
many of whom are police officers) whose duties mclude 
the serving and enforcement of notices defining Infected 
Places and requiring detention and isolation of animals or 
the dipping of sheep m certain cases , the supervision of the 
cleansing and drsmfection of infected premises m certain 
cases , the making of arrangements for the disposal of the 
carcases of diseased or suspected animals other than those 
slaughtered by the Ministry the issue of licences for the 
movement of animals m infected, controlled or scheduled 


areas under conditions prescribed m the Orders 
4 The local enforcement of all the general Orders, mcludmg 
those made for the prevention of animals from unnecessary 
suffering during transit These Orders provide for control 
of the mov ement of imported animals , paving, cleansing 
disinfection of livestock markets and lairs , cleansing and 
disinfection of vehicles used m the transport of aiumals , 
bonmg of specified animal foodstuffs, destruction of hay and 
straw packing matenal and disposal of meat wrappers , the 
regulation of the fitting of ships used in the carnage of 
hve^^kand oftheconTniction ofraHway and road vehicles 
transport of animals , records of the movement of 
certam classes of livestock. 

Authom.es use (1) for Boroughs 

the S of ^.Sot ‘h» County Cound For 

also acts as the Local Au^ Common Council -ulud 

Acts relate to Foreign Anim'?^ fw the County of London where th 
are (1) the MagmraStS^i, Authonoe 

lams a population of mon- Furgh -nhich cos 

fur each couuty aud for resid^^^ ’ ® 

save pcct'To Durase! of Aumuls Ac» of 

“ •ate cmam mearure. for P"- 
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■vcntion and eradtcalion of disease in’ animals, and in these measures most 
important duties and responsibilities were imposed on Local Authorities. 
These duties were largely administrative, but for diagnostic inquiries private 
■veterinary practitioners were employed. Certain diseases, as for instance 
foot-and-mouth disease, were chiefly controlled by a centralised staff, and 
others, for example anthrax, by local authorities. Other diseases again, such* 
as sheep*scab, were dealt with in part by the centralised and in part by the local 
authorities' staffs, although the Government through its veterinary officers exerted 
■supervisory control over all notifiable diseases. Under the Diseases of Animals 
Acts every Local Authority was obliged to appoint one or more veterinary surgeons* 
as "veterinary inspectors" for carrying out the necessary diagnostic inquiries into 
reported or suspected disease. Most of these "veterinary inspectors” were private 
veterinary practitioners who held part-time appointments under the Local Authori- 
ties, but early in the twentieth century sever^ municipalities and later on a few 
■counties appointed whole-time veterinary staffs for this purpose. Lanarkshire was 
the first to appoint a whole-time county officer in 1910. Several other Scottish 
counties followed suit, while in 1913 a whole-time officer was appointed in Cumber- 
land. 

With the coming into force of the Milk and Dairies legislation in 1925 and 
1926, the importance of the Local Authority veterinary services grewrapidly. The 
veterinary duties imposed by this legislation were performed at first by the existing 
staffs, although one whole-time officer was appointed for Glamorganshire in JP25. 
The West Riding of Yorkshire was the first to lake the matter up seriously, and 
appointed a whole-time staff in 1927 and 1928, consisting of nine veterinary officers. 
From this time onwards many other counties in Great Britain formed or increased 
the veterinary services in their areas, and this gave rise to a number of highly orga- 
nised departments \sluch rapidly became an integral part of the county adminis- 
tration. 

. One result, however, was that the various Acts and Orders were administered 
in a variety of ways, some authorities being most meticulous in the manner they 
•carried out their obligations to the State and to the public, while others, and 
unfortunately quite a large number, merely did the minimum insisted on by the 
law. While the Ministry of Agriculture and Fisheries had a staff of upwards of 
100 veterinary officers stationed in different parts of the country, they were able 
to assume only a somewhat mild control over the work of the local authorities as 
regards the Diseases of Animals Acts and Orders, but had no powers at all over 
the duties prescribed by the Milk and Dairies legislation. 

In 1934 the Report of the Cattle Diseases Committee of the Economic Advisory 
Council brought the whole position of the veterinary Services of the country to 
official notice. It thus became apparent that the only way to ensure uniformity 
of control, and more especially to carry out any general measures for the eradication 
of disease, was to institute a Stale Veterinary Service for all official veterinary duties, 
for it was rightly claimed that "disease knows no administrative boundaries.*’ 

This was followed by the passing of the Agriculture Act of 1937. This Act 
provided for measures for eradication of disease rathcr^lhan mere suppression, 
and Section 21 of the Act reads — ^"Thc Minister may, with the approval of the 
Treasury, expend such sums as he thinks fit with the object of eradicating as far as 
practicable diseases of animals in Great Britain " 

This Act also, with the view of getting rid of divided authority, transferred the 
whole of the purely veterinary duties under the Diseases of Animals Acts and Milk 
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and Dames legislation imposed on Local Authorities to the State under the Ministry 
of Agnculturc and Fishencs Machinery was set up to maVc the necessary adjust* 
ments, and all whole-time veterinary officers of LocalAulhonlics who were carrying 
out any of the transferred duties were invited to apply for inclusion in the State 
Veterinary Service The vast majority of them were thus incorporated in this new 
service, leaving only a few I-ocal Aulhonty vclennary officers for non transferred 
duties The day for the transfer was fixed for 1st Apnl, 1938, when the new service 
assumed full authority 

The section of the Ministry which deals with this work is known as “The Animal 
Health Division” and is administered by a lay administrative and a vetennary 
professional staff The staff consists of an Assistant Secretary as head of the Divi- 
sion, assisted by an administrative staff at Headquarters The professional staff 
consists of one Chief Vetennary Officer at Headquarters assisted by two Deputies 
and one Chief Superintending Vetennary Officer who is also bead of the fields staff, 
and a number of Supenntending and Divisional Officers who control the work 
both at Headquarters and in the field While the Headquarters of the Ministry 
are m London, there is a sub-office in Edmbu^h where a Deputy Chief Veterinary 
Officer has direct contact with the Department of Agnculturc for Scotland on matters 
relating to the Animal Health Division of the Ministry 


For administrative purposes, the United Kingdom is divided into 20 areas, 
each in charge of a Supenntending Vetennary Officer Each Supenntending Veten* 
naiy Officer u responsible for supervising a number of Divisions, each of which 
corresponds to a county or a group of small counties in which is included any 
‘n England and Wales, or burgh in Scotland Each Division, 
of which there arc 78, is in charge of a Divisional Vetennary Officer who has under 
^ a number of whole-time Vetennary Ofiicm, a number of vetennary pracuuoners 
Officers on a part tune basis, and a clerical staff 
v-t Jn! y«tcr»aary Officer u in much the same position as the Chief 

used io be under the Local Authonty. and is rcs- 
Authontics m hts Division, and 

rain a “suKratSdins o’ffi *^““''5' “ “ "“"iber of vetennary offleets 

of ammals at the various ports In co importation and exportauon 

operate quantntiS sMionfm ™1> ‘he capon of cattle, the Ministry 

®“'^heep goats and s™eeaJ;^q,^°„'S'" 

This staff 13 under the hthoratory and research side, 

laboratory research and laboratory * Laboratory at Weybndge 1° 

of diseases routine laboratory pathology and cpizootolo^ 

biologicalproducts arecamedcnif^^ • “*"*ffactute of sera, vaccines and otb^ 
equipped and run especiallv to “ also a large laboratory near Edinburgh 

The Vctennary^v«^eatf^*^P®^‘^in Scotland 
1 “1946 forms a link between the which was taken over by the Min“^ 

There are 13 Vetennary InvestiranS!^ ** staffs of the Divisions 

^h is stationed a >Xtennary^J^,^ England and Wales at each of 

Vctennaiy InvcstigaUon "”^hgation Officer and one or more Assistant 
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The dolies of the Veterinary Investigation Officers include assistance to veteri- 
nary surgeons in the diagnosis of disease and the investigation of particular disease- 
problems in the locality. > 

NOTIFIABLE DISEASES 

Under the Diseases of Animals Act of 1894, now consolidated in the 
Diseases of Animals Act, 1950, notification of the existence or suspected 
existence of certain diseases is required and the Minister of Agriculture 
has power to add to this list such other diseases as he may think advis- ' 
able. At the present time the following are listed ; — 

Anthrax in four-footed martunals. 

Cattle plague in ruminants and swine. 

Epizootic lymphangitis in equine animals. 

Foot-and-mouth disease in ruminants and swine. 

Glanders and farcy in equine animals. 

Parasitic mange in equine animals. 

Pleuro pneumonia in cattle. 

Rabies in ruminating and equine animals, swine, dogs and cats. 

Sheep-pox in sheep. 

Sheep-scab in sheep. 

Swine fever in swine. 

Tuberculosis (certain forms only) in cattle. 

Fowl pest in poultry. 

Several of these diseases have not appeared in Great Britain for 
many years ; — cattle plague since 1877, epizootic lyphangitis since 1906, 
glanders and farcy since Iff2S, pleiaro pneumonia since IS^, rabi^ 
(other than in imported dogs detained in quarantine kennels) since 
1922 and sheep-pox since. 1850. 

Though information concerning the Orders applicable to some of the 
notifiable diseases is given in the following pages, it must be clearly 
understood that in no case is there given an exact rendering of any 
Act or Order; what are considered to be the leading features have been 
extracted, in some cases more fully than in others. In all cases of 
doubt the actual Order should be consulted. 

General Responsibilities of StoekoKners and Veterinary Surgeons 
Relating to Notifiable Diseases, The following responsibilities im- 
posed by statute have general application to most of the Notifiable 
Diseases. 

Notification of Disease or Suspected Disease. — This must be made 
by the owner of the animal or the occupier or person in charge, and 
by the veterinary surgeon in attendance, to the police of the district. 
Notice must be given without undue delay. 
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Presumption of Knowledge of Disease — A person required p)® 
notice if charged with failure to carry out his obligation shall be 
presumed to have known of the existence of the disease, unless and 
until he shows, to the satisfaction of the Court, that he liad not 
ledge thereof and could not with reasonable diligence have obtained 
that knowledge. 

Separation of Diseased Animals. — ^Every person having a diseased 
animal shall, as far as practicable, keep it separate from animals not 
so diseased. 

Facilities and Assistance to be given for Inspection, Cleansing and 
Disinfection. — ^Persons in charge of diseased animals are required to 
©ve every facility for the execution of the above, and must not obstruct 
or in any way hinder inspectors or other oiTiccrs in doing their duty. 

The Acts and Orders impose upon stock-owners and the public 
generally an obligation to afford inspectors and police all necess^ 
facilities for the performance of their duties including the collection 
and penning of animats for examination and testing by vctcrina^ 
•officers, the giving of required information as to the movement of 
animals to and from their premises, the production of licences, registef*» 
lecords, etc. 


Prohibition of Exposure or Movement of Diseased Animals.-“^^ ** 
unlawful to expose a diseased or suspected animal in a market, 
yard, fair, or other public or private place where such animals are 
co^only exposed for sale ; to place an affected animal in a lair or 
other place adjacent to or connected with a market, sale-yard, etc., or 
where such animls are commonly exposed for sale ; to send a disea^ 
animal on a railway, or on any canal, inland navigation or coasting 
vessel ; or to allow one on a highway or thoroughfare, or on any 
o^on or unCTcloscd land or in any insufficiently fenced field ; or to 
; or to stray on a highway of 

thoroughfare or on the sides thereof, etc ^ 

&om the MinisW 


the notiflabk™UMt 5 ^°" the existence of any ‘ 

the report must ***° constable who tecra*' 

the Minister On most^2^’',hrn-“'' appointed 

Inspector of the Local Anthn •« Veterinary Officer) 

be must also immediat*.! following diseaS' 

Etam i-sw^ rrer Ministry Head Office by 

lovinepleuro-pneumonia cpizoS™ 1“'’ 

\ » 6p Otic lymphangitis and sheep-pox. 
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The Inspector of the Local Anthority on receiving notification of 
the suspected existence of disease has certain duties to perform which 
include transmission of the information to the Divisional Veterinary 
Officer (if this has not already been done by the police constable) and 
reporting the information to the Local Authority. In addition, when 
cases of anthrax, glanders and farcy, rabies and foot-and-mouth disease 
are suspected, the Inspector of the Local Authority must also inform 
the Medical Officer of Health for the district. 

ANTHRAX 

Anthrax is an acute affection caused by a specific sporulating 
organism. Bacillus anihracis. Its contagious character has been known 
since 1836, and the etiological significance of the bacilli was first 
demonstrated by Davaine in 1865. Sporulation, which does not occur 
either in the living or dead body, takes place under aerobic conditions, 
i.e.. where there is a supply of free oxygen. The bacilli are soon 
destroyed when buried in heated manure. The optimum temperature 
at which sporulation takes place is 30° C. (81° F.) when there is a 
plentiful supply of oxygen. The maximum temperature at which it 
will occur is 42° C . (107.5° F.) and the minimum temperature is 
approximately 16° C . (60° F.) As the spores are extremely resistant 
to desiccation, remaining viable for 18 years or longer, and withstand 
dry heat at 140° C. for longer than 2 hours, and are, furthermore, 
very resistant to disinfectants, it is evident that the utmost precaution 
needs to be taken to prevent the escape of virulent blood Horn the 
body. The spores are, however, less resistant to moist heat, a ten 
minute exposure to boding water being enough to destroy them. On 
the other hand, bacilli in the begetative form are readily destroyed by 
direct sunlight, heat, putrefaction, desiccation .and by disinfectants 
of moderate strength. If an infected carcase is not cut the bacilli are 
destroyed as soon as putrefaction commences, quickly in the deeper 
parts and later (1 to 3 days) in superficial -parts. Bacilli may be 
nvoided in faeces and urine and in blood from lungs, etc., during life 
and are also present in the milk of infected cows shortly before the 
death of the animal. 

Symptoms of Anthrax. The disease shows itself suddenly. It is 
usually fatal withi n 48 h ours. Anthrax docs not in Great Britain 
usually spread with rapidity from animal to animal, but it may 
affcct a number of swine at the same time if they have been fed on 
antlirax flesh or organs. A beast which a short time before appeared 
to be well is found dead or in a dying condition. Frequently blood 
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ooz« fron the nostnU and the anut In cattle there are no typrf 
eynptoms, but .n horses and pigs the throat repon is 
After death the carcase rapidly becomes bloated and blood 
from the nostnls and anus 


Inadence and Soarccs of Infection. All mammals are siisccptib c 
anthrax, and of the domesticated animals, cattle are most frequ^ 
affected, then pigs, hors«, sheep and dogs m the order gisen. 
disease is also known among fur bearing animals in captivity, 
are fed chiefly on raw flesh Donng 1938 m Great Britain 7 
were reported on mmk farm> involving the death of 315 animals 0 
of a population of about 1290 

The period of mcubation is from 1 to 3 da>s, but may be as long 
12to 14 days , mortahtj is high 

When a case of anthrax is definilel> diagnosed, an exhanstrre 
inquiry is held into the po:>sibIe source of infection, and thus infonm 
lion IS gamed which may prove of value m preventmg further 0- 
breaks In his Annual Report for 1929, the C V O , Ministij of 
■culture, made an anal>sis of the records kept for a period of ten 
—1919 to 1928— and showed that m Great Briain during the pw>^ 
ten >ears there were 5512 outbreaks , an average of 551 per 
wmh a range from 239 (1919) to 734(1924) Of these 5512 outb'ea^ 
1061 occurred on premises infected withm the previous five >ears, 
4451 on non mfected pemises Of the outbreaks on previously 
premises, the following were regarded as the probable source^ ^ 
infection — 


ttw*- 


Use of imported foods 67 8 per 

Use of imported foods and artificial manures 13 7 

Use of artificial manures of ammal ongin 4 3 

Effluent from taimcnes, etc , infecting streams 1 6 

Feedmg infected carcases and oBaU, etc , to pigs, etc 0-5 
Use of “shoddy” as htter 0-3 

Not improhahly anthrax, hut disease not reported 1 1 
No explanation available jQ.7 „ 

of that Oie official retnms mdicatmg the 

and m fact ra cases impossible, to recover the orEuni® 

oc^^ly ^^ccessf^ 

accomplished. SoU-dutied foods, sneh as Chmaheans aretobelooSt” 

miss con t am i nated on sta^ 

holds should also be 

-yalsobecart.edbyffiesandC™“7eS:l"”' 
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The extent to which the disease may be transmitted by imported 
'feeding stuffs is emphasised by the reduction in the number of out- 
breaks in recent years when, as a result of the war, the quantities of 
feeding stuffs and other imported materials have been considerably 
jeduced. The following table shows the number of outbreaks during 
1938/1948. 



Number of confirmed 

Number of Animals 


outbreaks 

affected 

I93S 

830 

1,235 

1939 

699 

792 

1940 

564 

677 

1941 

399 

470 

1942 

372 

414 

1943 

283 

320 

1944 

189 

2M 

1945 

119 

135 

1946 

95 

98 

1947 

121 

139 

1948 

118 

128 


The contamination of pastures with effluent from tanneries has 
been particularly evident in the valley of the River Nene in North- 
amptonshire where heavy losses of stock have occurred. In 1943 the 
number of animals which died of anthrax in this area was 48 but since 
that dale the use of a spore vaccine for preventive inoculation of 
janitnals in the area has considerably reduced the number of fatalities. 

Pastures contaminated with the blood of animals infected with 
'anthrax may remmn dangerous for many years, hence the cutting of 
the carcase of a beast which is suspected to have died of the disease 
must be avoided at all costs. 

Preventive Measures. Anthrax is a notifiable disease, and the dis- 
posal of carcases of animals suspected to have died of the disease is 
.under the control of the Local Authrotity, being supervised by and 
-carried out to the satisfaction of the Veterinary Officer of the Ministry 
of Agriculture. Effective destruction of the infected carcases, soiled 
Jlitter and dung is of the first importance. Under the Order carcases 
may be either buried or cremated (sec Jater, Anthrax Order of 1938). 
'There is little danger of subsequent infection of other animals if burial 
IS immediate and deep and the carcase has not been mutilated. Whereas 
hides of anthrax carcases must on no account be slashed or cut in any 
way, the carcases of animals affected with any of the other notifiable 
•diseases must be slashed before burial so as to make the hides useless. 

The method to be adopted in dealing with an anthrax-infected 
carcase depends upon the locality and circumstances tmder which it is 
found. In all instances the carcase must be strictly isolated and 
prompt measures taken to prevent the spread of the infective material. 
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such as pulmonary discharge or exudations from the anus, vagi » * 

and to prevent access to it of dogs, vermin and, if possible, fiics un 
such time as the grave or crematorium is ready for 
Should the animal be one of a number of cattle in a byre, t 
adjacent should be remo\cd immediately and placed by themselves, n 
only to prevent them becoming infected, but also so that they may 
kept under observation If obtainable, some absorbent such as pea 
moss, sawdust, etc , should be scattered thiekly on any discharge o 
prevent it running down the dung channel or across the stall Dung 
recently passed should be collected from the channel and placed along 
side the carcase until it can be dealt with The channel behind the 
stall should then be well soaked with carbolic acid or other stroeg 
disinfectant Precautions should be taken to prevent infected 
from being thrown out as manure, and infective material must e 
prevented from travelling down the channel into the drainage system* 
The carcase should be covered with sacking soaked m some disiaf®^ 
tant to prevent or discourage flies from feeding off the infective dis- 
charges It IS better to leave the carcase m the byre until it can be 
finally disposed of than to drag it outside, where it would be more ev 
posed to attacks by vermin and dogs Should the carcase be m a 
temporary fencing of hurdles stuffed with furze will keep off dogs an** 
foxes during the night The removal of the carcase for disposal must 
be done with the greatest care The rectum, vagina, nostrils, and mouth 
must be stopped with wool or tow soaked m carbolic acid or other suit- 
able disinfectant This is not easily done, but neglect to take every 
precaution to prevent discharges from soilmg the ground durmgtransit 
of the carcase ts a serious matter The carcase should be handled as 
little as possible , farm labourers are not able to appreaate the grav^ 
nsks run from manual contact with the blood stained quarters or 
head and the whole proceedings should be strictly supervised- RoP®*" 
or other combustible materials, which have been utilised m the shiftmg 
of the crease, should be burned The carcase is best conveyed to the 
place of destruction on some sort of troUey (a hurdle provided vith 
ohtamable). and should be securely fastened to 
and f ofcompletely dosing the mouth and nostrils. 

Mood flows from thes» 
head should be b=^ 

S m L nos?'' 't at a high level and be 

Vo tidos^ the w ““I "> *= hurdle It is a good pl^ 

soaked with disinTecmn^ “Mainmg some absorbent 
bags for this nnmo rr I^cal Authorities provide m , 

infect™ ^ thH^is ‘-1 Mong the 

the son IS certain to follow It .s impossible to take toe 
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much care during the transit of the carcase to the place of its destruc- 
tion. The case with which infection may be spread is shown by the 
following remarks by the C.V.O. in his annual report for 1914 : — 

“A horse wliich had been worked as a chain horse to a lorry employed 
in carrying hides in the Liverpool docks died of anthrax. A horse 
which had been used to drag a carcase of a cow which had died of 
anthrax from the shippon to the grave died of the disease.” 

All litter, dung and scrapings from the stall and its immediate * 
vicinity, after a thorough soaking wth disinfectant, m,ust be carefully 
collected and buried or burned with the carcase. Having removed the 
most obvious and easily removable dirt, the entire stall, manger and 
surroundings must be disinfected. 

The veterinarian may have to decide on the course of action when 
one of a number of animals grazing in a field is found to have died of 
anthrax. Clearly, the first thing to do is to fence off the carcase \rith 
hurdles, woven-wire or a couple of strands of fence wire ; barbed wire 
should not be used for this purpose owing to the liability of persons 
being scratched when working with it. The rest of the cattle should 
be confined by fencing in a small portion of the same field for observa- 
tional purposes and to reduce the risk of widespread infection of the 
pasture resulting from the previous infection of any of tlie beasts. It 
is obviously unwise to move such potentially infective animals to 
fresh pastures. 


Vaccine and Seram Therapy* When several animals in a herd are 
affected, or when the disease appears periodically on a pasture, indicat- 
ing infection of the field, vaccination of the apparently healthy animals 
is worth considering. In recent years a spore vaccine has been used 
W'ith success in parts of Great Britain, e.g., the valley of the River 
Nene in Northamptonshire, where there is particular danger of out- 
breaks of antlirax owing to contamination of pastures with tannery 
effluent. The use of hyperimmune serum is indicated when in-contact 
animals show evidence of infection by rise of temperature. 

Anthrax in Man* In man the disease is contracted, as a rule, through 
inoculation of cutaneous abrasions on the hands and arms when tlic 
carcase of an animal that has died of antlirax is skinned, or when 
such an animal is slaughtered and dressed. Cattlemen, butchers and 
knackers arc liable to infection under these conditions. Anthrax is 
also conveyed to people by the handling of infected hides or tlicit 
products. Infection may also occur by inhalation, especially when the 
flcccc or hide is dry (N\'ool-sortcrs’ disuse). 

— V.H. 25 
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Vm-^fectwn of Wool, J/.to, cic. In “"T tarnXh.fc! 

ot antteax among persons ' mfertion have been 

vanons methods of disinfection or of I"" “'“S ’ .„ed specially 
devised The disinfection of these materials ^ 
difficult on account of the case with which usually 

or by chemical solutions, -while the anthrax spores pr 
■protected by albuminous matter process. 

For the disinfection of iiool and hair the f^uol 

employed at the Government Wool Disinfectmg Station at 
has proved to be very satisfactory A Home OfBce Dep 
Committee has reported (192S) that no objection 
quality of wool disinfected by this process The method is 
Hunch’s observation that a 2 per cent solution of formaldeh) t 
percent formalin) at 100* F kdls naked anthrax spores in y 
minutes The bales of v-ool or hair arc placed on a moving ^ j 
the bale coverings are removed by hand and the bundles are 
up by machinery and passed through a senes of^ie baths, 
first to cleanse, and then to disinfect the material In the first P ^ ’ 
the wool IS submitted to the action of a I per cent solution of ^ 
carbonate m order to remove albuminous coating of the spores ^ 
second bath contains a | per cent solution of soap and a small ai^ 
of free caustic alkali Blood clots and excrement are 
treatment in these baths, and the wool is now- passed between 
m order to break up softened masses of blood clot, etc ^ ^ 

prebmmary processes the wool is cleaned, much dirt being 
mecbanically and by the solvent action of the soap and alkalis Tb® 
wool IS then passed through two tanks, each containing a 2 per ^ 
solution of formaldehjdc In a fifth bath it is washed m water J** 
Older to remove excess of formaldehyde, which may otherwise reiR^b 
on the wool or hair m sufficient quantity to inconvenience w orkers w o 
are subsequently handling it m manufacturing processes The woo ^ 
then dned m a current of hot atr, cooled and re-baled In this proc^ 
the only stages in which handling is necessary are m removing 1 
canvas coverings from the bales prior to disinfection and m rebandiCg 
r 'The baths are mamtamed at a temperattj^ 

ol 102 to 105» F , and the strength of the solution is kept constant ^ 
the addition of the necessary constituent at a rate which compensates 
for the loss occurring dunng the process of disinfection. The tim® ol 
exposme m ^h bath is ten inmutes The efficiency of disinfection 
A^ked by bacteriological examination of the matenaU being treated 
before imd after their subjectiorr to the “Ducker.ng • process 

Ac^o?o JTv Anthrax 

Act, 1919, prohibits the tmportaUon of Egyptian wool and Indian go^* 
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lair, except at the Port of Liverpool, where on arrival they are taken 
•charge of by H.M. Customs and transferred to the Government Disin- 
fecting Station for treatment. 

* No method which is both bactericidal and commercially satisfactory 
has so far been evolved for the disinfection of hides. Two methods 
-that have been widely used are the Schattcnfroh and Seymour-Jones 
processes. 

In the Seymour-Jones metliod tlie hides are immersed for 24 hours 
in a solution containing 0.02 per cent, mercuric chloride and 1 per 
-cent, formic acid, and are then placed for 1 hour in a concentrated 
■solution of common salt. It has, however, been reported that antlirax 
spores may survive 14 days’ exposure in the percliloride-formic acid 
solution. 

The Schaftenfroh, or pickling process, consists in soaking the hides 
for 2 days in a solution containing 2 per cent, hydrochloric acid and 
10 per cent, common salt at a temperature of 20° C. (68° F.). 

Attempts have also been made to disinfect hides during the 
■“liming” stage in the process of tanning by adding sodium sulphide 
TO the lime bath. The work of Robertson* suggests that treatment of 
■anthrax-impregnated tlireads in a sulphide-lime bath containing 1 per 
cent, of sodium sulphide crystals (Na2S,9H.O) and 1 .2 per cent. lime 
(CaO) for 10 days at a temperature of 23° C. (73° F.) destroys the 
majority of the anthrax spores and that such a treatment does not 
cause damage to Irides or skins. Agitation of the fluid appears to 
aiccelerate disinfection. Experiments with packs of infected hides 
■show that “sulphide liming” tvith intermittent agitation for 8 hours 
nt 32° C. and then for 4-5 days allowing the temperature to fall off 
gradually leads to successful disinfection without damage to the hides.T 

In consequence of the presence of anthrax infected hides in the 
liquors used in tanning leather, viable anthrax spores may be present 
in the effluents from tanneries and may reach the streams and fields. 
Up to the present, however, no efficient and economical method has 
been evolved for destroying the antlirax spores in these discharges. 

Legislation. Anthrax Order, 1938. — ^Notification of the suspected 
existence of disease in any animal or carcase must be made to a police 
consmble, whose duty it is immediately to transmit the information to 
the Veterinary Officer of the district appointed by the Minister of 
Agriculture (usually the Divisional Veterinary Officer) and also to 
"Robertson, Madge E., December, 1931. Jour. Internal. Soc. Leather Trades* 
Chemists. 

t Jordan Lloyd, Dorotliy, and Robertson. Madgo E., December, 1930, Jattm. 

Internal. Soe. Leather Trades' Chemists, and Robertson, Madge E., t930. 

J3.L.M.F.A. Jteports. 
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B,ve mformafon to te Inspector of the Local Anthor.ty who 
mform the Med.cal Officer of Health Any veterinary 
in the coarse of his practice, suspects the existence of disease shaU 
notify the police 


Precautions to be Taken —The occupier ofthe premises must pre\en 

access of animals or poultry to the suspected animal or carcase or 
any part of the premises which may have been exposed to infection y 
the animal or its discharges He must retam on the premises any 
suspected animal or carcase and any sheep, cattle, goat or swine w c 
have been m the same shed, building, field, etc , or in any part of 
premises contaminated by discharges from a suspected animal ® 
must also disinfect, as soon as possible, with an approved dismfectan , 
any place where the suspected animal or carcasd has lain or where 
Its blood has escaped 

The skin of a diseased or suspected carcase must not be cut or 
anything done to cause effusion of blood, except by a veterinary 
inspector of the Ministry of Agriculture or a veterinary surgeon 
acting on behalf of the woner of the carcase, and m either case so far 
only as may be necessary for the purpose of obtaining suitable material 
for microscopical or cultural examination It is to be noted that this 
clause definitely gives a veterinary practitioner authority to incise the 
skin of a suspected carcase for the purpose of making a diagnosis on 
behalf of his client , that is to say, if a veterinary practitioner la 
requested by his client to make a post-mortem examination of 
animal found dead, it is the right and proper thing for him to exaim^^ 
for anthrax as a routine measure 


The milk produced by any diseased or suspected cow or goat must 
not be mixed u iih other milk, and must be boiled or otherwise stcnhzed» 
and any utensil in which such milk is placed before sterilization must 
be sterilized with boiling water before any other milk is placed therein 
It IS to be noted that the precautions detailed above automatical^ 
become operative before the serving of a form (Form A) which declares 
and defines an infected place This notice has to be served by an 
i^crtor of the Local Authority on receiving intimation of the sus 

defining the infected place 
o*" mfcction spreading, 

must not be unnecessarily wide 

Veierinary Inquiry Veterinary Officer acting on behalf of 
Icon^l a diagnosfs by a micro- 
not ■” opmion, the aninwl is 

rorm B IS sened by the Inspector of the Loeol Authroity, «>“ch 
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removes the restrictions imposed by Form A. If, on the other hand, . 
the Veterinary Officer is not satisfied that anthrax does not exist, 
he gives a certificate to the Local Authority to that effect, stating that 
the case is one of suspected anthrax ; he has no authority to state that 
anthrax definitely exists. The Veterinary Officer, if he suspects 
the occurrence of anthrax, has to forward suitable material to the 
laboratory of the Ministry at Weybridge for diagnostic purposes, 
together with a report of his examination. The material which he has 
to send is the slide upon which his diagnosis was made, an unstained 
film, which has been dried in the air but not with heat, and a sterile 
swab dipped in the blood and enclosed in a suitable glass or metal 
container. In the case of a horse or a pig subcutaneous tissues may be 
required. The material has to be suitably numbered, and this par- 
ticularly applies, of course, where more than one carcase has been 
examined. The package must comply with Post Office regulations ; 
that is to say, the material must be sent in a box of wood, leather 
or metal, marked on the outside “Anthrax for Diagnosis,” and it 
must be sent by letter post. The report must not be enclosed with the 
material but posted separately. 

Precautions by the Local Authority. — Where the Veterinary 
Officer certifies the case to be one of “suspected antlirax,” the Local 
Authority must direct an Inspector to carry out forthwith such dis- 
infection as may be necessary and to arrange for the destruction of 
the carcase in the manner prescribed by the Order. In view of the 
risks involved, this action must be taken without awaiting the result of 
the examination of the material sent to the Ministry’s laboratory. 

Rules for an Infected Place. — Those concerning the prevention 
of access of animals and poultry to the diseased animal or carcase, 
detention of suspected animals, disinfection, and prohibition of the 
cutting of skin, have already been detailed. Horses, asses, mules or 
dogs which are not diseased or suspected may be taken out of or into 
an infected place. Other animals may not be moved out of the 
premises except with^erraission in witing of an Inspector of the 
Local Authority, and then only to the nearest available slaughter-house 
or to other specified premises. Litter, dung, utensils, hurdles, etc., 
must not be removed from an infected place except by permission in 
witing from an Inspector of the Local Authority, The milk produced 
by diseased or suspected animals has to be treated as before described. 

Disposal of Carcases. — ^Tlie carcase has to be destroyed by fire on 
the premises or on the nearest available premises suitable for the 
purpose (sec page 324 for description of methods of cremation), or 
the Local Authority may have the carcase disinfected and tlicn taken 
to suitable premises for destruction by exposure to a high temperature 
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or by chemicals , ^vhere the circumstances do not permit of the dis^sa 
of the carcase by any of the foregoing methods, it may be Imned m 
some suitable place to which ammals would not ha\ e access, sufficiently 
removed from any dwelling house, and at such a distance from any 
well or water comse as to preclude any nsk of the contamination o 
the water The carcase has to be buned at a depth not less than 
feet below the surface of the earth and with a layer of lime not less 
than 1 foot deep both above and beneath it Before the carcase is 
remo^ed for bunal or destruction, all the natural openings must * 
effectiv’ely closed with tow or other suitable material soaked m 


approved disinfectant 

■Where m the case of a four footed animal which is kept in a 
zoological collection it is impracticable to dispose of the carcase unless 
It be cut, such cutting may be done, but only with the permission and 
under the supervision of the Veterinary Officer of the Ministry 
Agnculture 

Cleansing and DismfecUon — Except m the case of zoological 
collections, the Local Authority has to bear the cost of cleansing and 
disinfection This has to be earned out in all parts of any shed, stable 
field, etc , which have been m contact with the diseased animal, and 
on every utensil, hurdle, etc and every cart, vehicle, etc , which hav*®" 
been in contact with the diseased animal Disinfection has to be 


earned out as follows — ^Premises must be given a prehmina*' 
thorough soaking or drenching wrth an approved disinfectant, this to- 
be followed by scraping (where practicable) and, where necessarv 
sweeping , all the scrapings sweeping, dung etc , must be removed 
and burned or otherwise destroyed If destruction is not practicable- 
they must be mixed with quicklime and removed from contact with 
animals , after the preliminary soakmg with disinfectant, scrapmg- 
^i^ng e»c , a thorough washing or scrubbme with water is required, 
Zr ^ coatmg or washing with an approved dism- 

fodder, etc . likely to spread the disease 
« “ Aoronghly, and .f .t is impracticable to dis.pf«' 

™ or destrojed He oceitp.er of any place atidtho 

facilities forfep^te dismfected hate to graM 


foot and mouth disease 


clof “hooftlT''" ’“'1 '“8“'' otfeettoos disease C 

oi vesicles m various par,s of the body but most 
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sho^vn■that at least m ^^jonty 

been termed the O, A. v-iriants and intermediate types 

of strains can be assigned, ^o^eh va jg 37 )_ xhe 

occur (F. & M.,Res. Cot"-. one type of 

immnnity resulting from subsequent infection with 

vims does not confer any recoveted from an attack 

either of the other two types. An ^ considerable time 
produced by the “O” type ’'7™® . -‘o ” but can be infected 

(over 32 months) to further ’ ry from the “O” 

U “A” type virus within =! ^^^//from infection with^; 
infection. Conversely, an ammal infected with O. 

type virus is then immune to A indistinguishable. 

CUnically the disease Ptoduced by a ^ foot-and-mouth 

Considerable research work .• „ jhe Foot-and-Mouth 

disease in this country under Vc X-'- 

Disease Research Co^ttee, ^ of the virus to 

in 1924. Much has been eaffl^ “f^ceptibility of various animals 
survive outside the animal bo y* Cattle, sheep, goats and 

and the effect of disinfectants on the viros. inoculation, but 

pigs are susceptible ; dogs and cats c^ t>e mf^^^^ 
natural infection has 'leen ert^hs end 

hedgehogs can be infected, “^^““^thout inomilation (Fourth Pro- 
hedgehog to hedgehog, by '^^'‘^^ence of foot-and-mouth disease 

gress Report, pages 24-25). Th ,o„ether vdth experiments which 

in a wild hedgehog has been repo^M^g^^^^^^^^^ to 

suggest that natural infertion may Progress Report, 

hedgehogs, and from Itedge^gs ‘ jj^nve been described by 
Un is seldom affeatf • occurrence of the 

Pape (1921) and Trautwein (1930)^ P 

diseasehasbecnrecorded by L S t guinea-pig is vc^ 

turned out to graze “^“‘^^uasc does not spread by contact, 
susceptible to by foot-and-mouth disease on pemis« 

Rats have been found afi^«d “J . utc. (Fourth Progress Report, 
where the disease existed in cattle, pigs, 
page 23). 

The survival “f °ndit^^^ 

-;:-i^:Sch^vi™sis^^^ 

dry atmosphere. '-S- 7 ^ On hay and bran the wrus has 
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hair It remained active for four weeks at ordinary temperatures 
(Second Progress Report, page 11) It has been shown by Andrews 
(Fourth Progress Report, page 13) that virus in blood dried on glass, 
iron< zinc, tile, brick, or wood at ordinary temperattires only survived 
for two or three days, while on hide, leather from a boot, or rubber 
from a gum boot, the vims survived up to 80 and 102 days respectively. 
It has also been demonstrated that vims survives in the bone-marrow 
of frozen cattle and pig carcases for 76 days and m chilled carcases 
for at least 42 days (Second Progress Report, page 45) Virus has 
also been recovered from the bone marrow of pig carcases after dry or 
wet salting after 42 days The virus is rapidly destroyed by heat , 
water at 60* C destroys vims rapidly, while boiling water destroys it 
instantly Vims present m milk will lose its mfectivity after boihng, 
and also after pasteurisation of the milk In dried milk powder, the 
vims would be inactivated by the temperature reached during drjing 
by the roller process, which is commonly used, but might survive the 
spray process, m which little heat is used, unless ihc milk had been 
previously pasteurised (Fifth Progress Report, page 14) Of chemical 
agents the most clTective in destroying the vims are caustic soda and 
caustic potash, which may be used in 1 or 2 per cent solution, formalin 
m 1 per cent solution, and washing soda in 4 oer cent, solution when 

heated to 50*-60* C 


ItKtdence. Foot and mouth disease is widely distributed throughout 
the ^orld It is prevalent on the continents of Europe, Africa, Asia, 
South America The disease is not normally present in Australia, 

*’"> 'here have been extensive out- 
breaks m Mexico in recent years 

eoir'oJlr Jr'*.'”!'” continent of Europe an 

ST,™ T " immense loss, and 

^Bilanee m the diagnosis of 
bee^ T I IS believed to have 

pT TTArel'f “ ""Pcrtation of infected sheep and 

aS thTditaTt," evidence which sugg«« 

because many of the J importation, chiefly 

Gallott’ay • a sh.Hu affected with foot-rot According to 

indicates that iTlC TiT”'' ™ 

France, Ihc epizootic sub J Germany were infected from 

eastnards, and that the Dan?T''^ spreading rapidly northwards and 
of type, « ere of a kuidT s'rains of virus involved, irrespeeti' 

which spread rapidly The further march of 

•Moaay,! A (IMO, Vr, A,, 5,, 
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The epizootic was obscured by the outbreak of war in i939. The 
following table, after Galloway, shows the numbers of outbreaks 
(infected premises) during the European epizootic • — 


Country 

1937 

1938 

1939 

Total 

1937-39 

Germany 

36,908 

644,676 . 

27,218 

708,802 

Yugoslavia 

14 

147,913 

297,164 

445,077 

France 

160,373 

216,582 

19,100 

396,055 

Roumania 

0 

3,678 

249,999 

255,677 

Czechoslovakia 

0 

225,794 

4,256 

230,320 

Roland 

1 

’ 225,625 

2,056 

227,681 

'Holland 

93,522 

92.473 

21,801 

207,796 

Belgium ‘ 

63,254 

37,943 

7,928 

109,125 

Denmark 

12 

29,902 

7,124 

37,038 

Italy 

272 

7,101 

14,897 

21,998 

■Switzerland 

273 

7,779 

5,694 

13,766 

Sweden 

0 

3,266 

2,815 

5,075 

Great Britain 

187 

190 

99 

476 


fooUand-Mouth Disease in Great Britain, Foot-and-mouth disease 
first appeared m Great Britain in 1839, and was present continuously 
from that date until 1886, with the exception of a few months free- 
'dom at the end of 1879. Probably not less than 7,000,000 animals 
were attacked during this period. According to the report of the 
Departmental Committee appointed in 1911, “in ten out of twenty- 
one years from 1892 onwards the disease has existed in Great Britain, 
the total number of outbreaks in that period being 158, but of these 
133 occurred during the first ten years and only twenty-five during 
the last eleven years.” The disease cropped up again in 1892, when 
there were 95 outbreaks, involving 4,767 animals. Since 1892 the 
importation of cloven-hoofed animals from abroad has been prohibited. 
In 1893 there were only 2 and in 1894 3 outbreaks, and the disease 
was then absent until 1900, when 21 outbreaks were recorded. The 
cormtry was free for six years previous to 1908, when the disease 
appeared in Edinburgh, and from that date there have been outbreaks 
each year with the exception of the years 1909 and 1917. In 1912 
there were 83 outbreaks. During the years 1922-23-24 the disease 
was very prevalent in Great Britain, and cropped up tliroughout 
England, Scotland and Wales with alarming rapidity. The incidence 
then deertiased for a number of years until 1937 when an increase was 
recorded, possibly consequent on the severe outbreak on the continent 
of Europe already mentioned. In the war years, 1940-45, there is 
evidence that the increased numbw of outbreaks was associated with 
■the feeding of swill to pigs (see Cabot, page 378). 
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The following table shows the outbreaks in the United Kingdom 
Since 1922 — 


Year 


1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 


No or 
Outbreaks 


1 140 
1 929 
1440 
260 
2M 
143 
138 
38 
8 
97 
25 
87 
79 
56 


Year 

No of 
Outbreaks 

1936 

67 

1937 

187 

1938 

190 

1939 

99 

1940 

160 

1941 

264 

1942 

670 

1943 

27 

1944 

181 

1945 

129 

1946 

54 

1947 

IW 

1948 

15 

1949 

15 


Since foot and mouth disease is not endemic m Great Britain, 
question naturally arises as to how infection is introduced into this 
country Sir Daniel Cabot then Chief Veterinary Officer, Mmistryor 
Agriculture m an important article dealing with the epizootiologicai 
aspect of the disease (Cabot 1945*) lists the methods by which infechOJ^ 
may be brought to this country as (a) the introduction of infection hy 
untraccd means, (b) the importation of diseased animals, and (c) 
introduction of infection by chilled or frozen meat imported fro*” 
infected countries Cabot continues by explaining the circumstance^ 
in which the disease has occurred m Great Britain in recent years 


(a) The Introduction of infection by untraced means —Outbreaks occur iD 

tufeciion can be determined Our insi^ 
animals and goods 

^ It obvious that land fron^ 

1 A "touth disease and ss-e know to our co^‘ 

T" Sea can be overcome , the location of 0 ^ 

source of suggests that the European Continent is 

n SSiei: senes^outbreaks 

SSim «>tinties and in the counties of 

of 1938 In this senes during the autumn of 1937 and the early 

that then t>“tbreaks m which the disease resemb^ 

Central Europe and «f a^ Ckiuntnes and which was destined to , 

proport on of outbreaks wwi,^ Continent, but w-hat is uncertaui is 

daiy Possibly two-lhirdf “'P®* ond the proportion that arose as seef 

the conn, ^ «f Ihcse otttbreaintere due to spread otib n 


Cabot. D (1945) V« R,, 57 375 377 
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“The first of these outbreaks was notified on I5(h October, 1937, and ft is- 
significant that in this month in other years, outbreaks of obscure origin have- 
arisen. This time factor, together wlh the localities involved, the arrival of flocks 
of migrant birds (starlings especially) and the routes of migration, all suggest 
strongly that these birds arc mechanical carriers of infection. In the great majority 
of such eases, the initial outbreaks occur among cattle at grass. Incidentally,^ 
there is a sharp contrast in the course of the disease in England where prompt noti- 
fication was followed by the rapid application of stamping-out measures and rigid 
control of movement of slock and its course on the Continent where the authorities, 
were powerless to check its dissemination. 

“Whilst the cumulative experience over a number of years leaves little doubt 
that birds may introduce disease, this factor does not operate every year as obviously 
the danger is related to’thc disease position at the resting places of the migrant 
flocks on their way to this country, and as this varies from year to year, so also- 
docs the incidence of such outbreaks vary in this country. 

“On the other hand, it has been suggested that there are other means where- 
by infection is introduced from the Continent, but the history of disease in this, 
country docs not support these suggestions. 

"(b) Importation of diseased animals . — ^Tho prohibition of importation of 
livestock from infected countries reduces this danger to a minimum. Normally, 
the importation of cattle, sheep and swine is restricted to Ireland, the Isle of Man, 
the Channel Islands and Canada. Occasionally, disease has been introduced into- ' 
Great Britain from Ireland through the shipment of animals after the appearance 
of disease in that country,- but before the facts became known to the authorities, 
when further shipments were, of course, suspended during the emergen^. The 
last occasion in which disease was so introduced was in 1942. Disease was found 
in two landing places in this country, but the prompt application of restrictions 
prevented the movement of stock out of (he ports and disease was confined to those 
two landing places. 

“(<?/ /.Wi'A'Ivs/Is.v a/ Jx/frs’/lA’j hy avd fw/w Mvpa.'f/d /rxw 

infected countries. — Observations in the field having indicated the association of 
Initial outbreaks with kitchen waste and more directly, on one occasion, with 
imported carcases, experiments were conducted at Pirbright, the result of which 
proved the possibility of survival of virus in carcases held at the refrigeration tem- 
peratures at which the trade in imported meat is conducted. The virus was shown 
to survive under chilled conditions for as long as the meat is marketable under those 
conditions and for 100 days (not end-point) when the meat is frozen. During 
the war, all meat is imported in the frozen stale or processed. 

“To exemplify this risk, I shall discuss the history of the initial outbreaks^ 
that occurred during 1944, when an exceptionally large number of invasions 
were recorded. Actually the number is 93, of which 13 occurred during the months 
of January to July inclusive, the number rapidly rising in August and continuing- 
at a high level until the end of the year and later. Broadly, these outbreaks were 
characterised by common features and there was a marked absence during the 
winter months of the type of outbreak discussed earlier, the origin of which is attri-- 
butable to Continental sources. 

“The outstanding feature of these 93 outbreaks is the fact that in 78 cases the 
disease started in pigs. In most of these cases, pigs were the only animals on the^ 
premises. 

‘Tn practicaUy every ease, raw swill was brought to the premises for pig feeding, 
where in accordance with the Regulations it should have been boiled for an hour 
before being fed, and animals should not haw been allowed access to it before it 



380 


VETERINARY HYGIENE 


\^as boikd. SwiU from vanODS sources was concerned m these initial outbrca , 
swill from canteens, restaurants, pn^nte households and Service depots, 
swill from United States camps was not mcnrmnatcd The Umted States es^ * 
shmcnts draw their meat supplies from the North American Continent, where foo 
-and-mouth disease does not eiasl. But whilst kitchen waste, which includes scraps 
of meat and vegetable tnmnungs which so often are m contact with joinU o 
meat and meal juices in kitchens, serves as a >ehicle of infection, the nsk 
introducing virus in meat imported from infected countnes is not confined to IM 
feeding of improperly treated swill to pigs as is demonstrated by the occurrence o 
a number of outbreaks on the premises of butchers who at the time were distnbutinf 
South American meat In a few of these cases, the disease did not start in piS** 
but m cattle which had access to meat-wTappers, etc , in the yards 

“The activities of the Waste Food Board of the Mmistry of Supply — 
which arc assoaated the Ministries of Food and of Agnculture and Fishcnes — hast 
resulted in the establishment, in populous areas, of central establishments where 
swill IS either concentrated or boiled and then distributed to pig keepers B ^ 
merely m accordance with expecution that the feeding of centrally processed kiti*® 
waste has proved to be safe and the absence of foot-and-mouth disease zsxont 
pigs fed on swiU distributed from these central treatment plants testifies to the 
service rendered to the agncultura! community and to the nation by the provisi®® 
of a very large and safe tonnage of pig food, much of which in its initial state, as 
judged by the use of swill taken to farms tn the raw state, was capable of setting 
disease It is to be borne m mind that when raw swill is brought to a fans, 
cwkingu not the only safeguard to protect animals, and there are many svayi i® 
which infection may be convejed to stock unless all necessary precautions are taken- 
Hen», the pnnaplc of central treatment u essentially sound 

*^ere arc two further pieces of evidence In certain parts of the cotffiW 
fat st«k IS produced m sufficient quantity to provide the meal ration foT tW 
weal population, a tiununum of imported meat is supplied with the object o* 
o^oimsmg transport In these areas there has been a praaically complete abseoc* 
ot Mbrcals Also a fatal form of the disease oceurred w some localities in Soi^ 
An^ and s™ also found m Oiis eountiy, aben a number of adult catlle 

™dX„“ “ 

•^•^posi^ may be summed up as follows — 

frozen calSi^ «pcnmaually that the virus will survive for month* 

-ai« occurred amonc pigs M on tild-® 


a virtual absence of disease m n 


“Dunng the same period, there has been 

*Tbe associating nr ^ was used for feeding pigs. _ 

buich-r's premises or indiri^^Kr* unported meat trade either 
indicates without any aoK-tor, taking of swill m the raw state to pigS*^ 

•TK only coiSS™i^“~';»'f'"f'obondunngthepast>-ear 
meat was imported mto Great n '*** mouth disease from which 

Somh ArsmSTS^Si^T' ■’“’Od under nrv«w sr«^ 
these countnes that our room for doubt that it wus fr®*® 

-Many of these den'ok . 

•" in bii3l op ai«r. 

““ Punot, of braioek m such dislncls, tbenr «« I* 
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opportunity for the disease to spread, and also relatively very few markets were 
involved. Other centres, however, proved more troublesome. During the year 
all three types of virus were identified.” 

Prevention and Control. Two methods are now in general use in. 
the control and eiadication of foot-and-mouth disease ; (1) The 
slaughter method, which is adopted in Great Britain and in the U.S.A., 
and which has been used at various times in other countries ; and (2) 
the quarantine procedure, which is used in most European countries. 
Which of these methods is adopted depends upon prevailing conditions. 
In an island, such as Great Britain, the slaughter policy is the most 
practiciible and in the end the most economic, but when a continental 
country with land frontiers is exposed to risks of repeated reinfection 
eradication by slaughter becomes impossible and other methods must 
be sought. The most logical of these is obviously some method of 
quarantine or segregation of infected stock, together with prophy- 
lactic measures to prevent the spread of the infection to susceptible 
animals in areas adjacent to those where quarantine restrictions are in 
force. It must be noted, however, that many European countries have 
regulations providing for the slaughter of affected animals, and which 
may be put into effect when this is believed to be the most efficient 
method of preventing extension of the disease. 

In Great Britain the disease is notifiable under the Diseases of 
Animals Acts, and stock-owners and others must notify the police if 
they suspect the existence of foot-and-mouth disease among their 
■ stock. 

Prevention . — Preventive measures against foot-anef-moutfi disease 
in Great Britain may be grouped under two headings ; — (1) Measures 
adopted to prevent the introduction of the disease from abroad, and 
(2) measures adopted once the disease has been found to he present in 
the country. 

From what has been previously said, and also from the Reports of 
various Departmental Committees on Foot-and-Mouth Disease, it is 
obvious that there exists the continual hazard of the disease being 
introduced from over-seas. The Government has, therefore, taken 
steps to prevent as far as possible, and without undue restrictions on 
twade, the introduction of disease from this source. A brief survey of 
the regulations in force at the present time will serve to show the more 
important ways by which disease might be introduced ; — 

(a) Alt cattle, sheep, goats, and all other ruminants and swine are 
prohibited from entering this country from abroad. A few countries 
are excepted, c.g., Ireland, Canada, etc., but generaliy speaking the 
statement is correct. (Animals (Importation) Order, 1930, and Amend- 
ing Orders.) This prohibition of importation of susceptible species is 
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undoubtedl) the most important measure in the pre\ ention of foot and 
moirth disease in Great Britain, ^ he 

(b) Carcases of cattle, sheep, goats and smnearenotallo-vseato 

imported from the Continent of Europe Fuli>'Cured bacon an 
■carcases are excepted, and hides are alioxsed to be imported on cw 
dition that they ha\e been dned, dry-salted or 'wet-salted ^ 
prohibition of carcases x^as put into force in 1926, -fthen the 
•wns introduced into this country m fresh pig carcases from the Co 
nent (Importation of Carcases (Prohibition) Order, 1926, andAmen 

ingOrders) TheCVO statesrathisconnectionmhis Annual Rep 

for 1926 (p 4) — ^‘The year 1926 i^as notable for the disco%er> ^ 
^ May of one of the most dangerous sources of re infection from tn 
-Continent, namely, the importation of fresh carcases, and for tn 
-consequent enactment as from 2nd June of the embargo on Continent 


meat ” 

(c) Meat, bones, offal and other parts of the carcase of any annnab 
sv.iU and any other broken or waste foodstuffs which have been iQ 
contact with meat, bones, etc . must not be permitted to come 
contact with animals, and must be boiled (212* F for one hour) befort 
being bed to animab (Diseases of Animals (Boiling of 
Foodstuffs) Order, 1947) The necessity of this restiiction on 
■stuffs of animal ongm becomes apparent when it is recalled that tn- 
Virus of foot and mouth disease may remam actne m carcases for ^ 
long as 72 days and that pigs can be readily infected by feeding 
infected bones The Foot and Mouth Disease Research Committee m 
their Fourth Progress Report, state m this connection —“It has 
showTi that carcases of amraaU which hate been killed during th* 
iiffeciwe period may contain deposits of actne varus for long periods 
after being subjected to various picklmg processes, and especially •whto 
t grease has been kept at low temperatures One w’ell-estabhsh» 
m«hod by which pigs can become infected from such carcases is 
feeding them w ith uncooked crushed bones Meat scraps kept at lo" 
icrnperames are also infective This was found to be the source of 

reported bj Mohler (15» 

the fi rst reccised the meat scraps fift> sesen da>s 

r ^ It tsclearthepthet 

rmds^SL h '» => chdied or frozen state ts » 

eonnm “mejed to th« 

nittcd to farm ™ "lucb the infection mav then be 

OCCURS 'or not dcrxmlt bones \yhether this undesirable 
place where thev °n the state of the animals at the time ^ 

^^Sbtered and on how the carcases are dispo^ 
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-of after arrival in this conntiy. The dissemination of active virus by 
■carcases of infected animals might occur from one part of the country 
to another, as well as by importation from abroad if cases of disease 
were overlooked.” The statement of Cabot (194S), cited previously, 
also makes abundantly clear the dangers associated with tlie feeding 
of untreated swill to pigs. 

Under die Foot-and-Mouth Disease (Disinfection of Road Vehicles) 
Order of 1941 any road vehicle used for the carriage of swill must be 
thoroughly . disinfected with a 4 per cent, solution of sodium car- 
Tionate after use, and the carriage of swill in a road vehicle at the same 
time as feeding-stuffs, litter or anything else for use in connection with 
animats is prohibited. 

(d) Imported meat must be wrapped in cloths of a prescribed 
pattern. Imported feeding-stuffs, fertilisers, etc., must not be packed 
in bags of tlus prescribed pattern. Feeding-stuffs, fertilisers, litter, 
■etc., must not be packed in tliis country in meat wrappers as above. 
(Importation of Meat, etc. (Wrapping Materials), Order, 1932.) This 
is another necessary precaution against infection passing from imported 
carcases to animal feeding-stuffs, litter, etc., and hence to animals 
themselves ; and finally meat cloths must not be brought into contact 
with animals unless they have been boiled or otherwise sterilised. 
'(Foot-and-Mouth Disease (Packing Materials) Orders, 1925 and 1926.) 

(e) Foreign hay and straw are not permitted to be landed in this 
•country unless as packing or manufactured straw. As vhus can 
remain active for a number of weeks on hay or straw which may have 
been contaminated in the country of origin, the prohibition of landing 
is most essential. (Foreign Hay and Straw Order, 1912, and Amend- 
ing Orders.) A further prec.aution, however, is necessary in regard to 
packing-hay and -straw which are allowed to land. All packing-hay 
and -straw in this country if not used again as packing must be 
destroyed, and must not be allowed to come into contact with animals. 
•(Foot-and-Mouth Diseases (P.icldng Materials) Order, 1925 and 1926.) 

(1) In June, 1938, an outbreak offoot-and-mouth disease occurred 
in Great Britain which was proved to have been caused by the injection 
into a cow of glandular extract imported from abroad. As this occur- 
rence indicated the need for controlling the use of sera and glandular 
products for the treatment of animals susceptible to foot-and-mouth 
disease an Order, entitled The Foot-and-Mouth Disease (Sera and 
Glandular Products) Order, 1939, now prohibits the use of any such 
preparation, whether manufactured in Great Britain or abroad, unless 
the substance bears a label statmg that its use for veterinary purposes 
is authorised under this Order. The Ministry of Agricultnrc state 
that “veterinary surgeons and others who, from time to time, treat 
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animals prqiarations of these kinds, should, 

to see that all supplies of these substances are labelled in the 

required by the Order ” Permission to attach the label be gf^ 

in respect of (a) preparations manufactured from live animals m 

Britain or m a “non prohibited ’ country (Canada, USA-, . 

Ne^v Zealand, Eire Northern Ireland, the Channel Islands and the isi 
of Man , all other countnes are “prohibited * countries), or to 
animals slaughtered in Great Bntam or m a “non-prohi i^ 
country , (b) preparations manufactured m Great Bntam or elsew e 
if the process of manufacture is, in the opinion of the Mmister, let 
to foot and mouth Mius , and (e) preparations obtained from ammai* 


not susceptible to foot and mouth disease 

Control — As already stated, foot and mouth disease is notifia ^ 
in this country under the Diseases of Animals Act It is therefore 
compulsory for stock owners, persons m charge and vetennar^ 
surgeons to notify the police if they suspect the disease The la^ 
imposes serious responsibilities upon the ownei or person m charge o 
ammals Section 83 of the Diseases of Animals Act, 1950, stat« 
that ‘ he shall be presumed to ha\e known of the existence of the 
disease or illness unless he shows to tl^ satisfaction of the Court that 
he had not knowledge thereof and could not with reasonable dfligco^ 
haseobtamedthatknowledge* Oearly, therefore if m the exerase of 
reasonable diligence he calls m a >ctennary surgeon, the full respoflsi 
bilitj for notification is passed to the latter under the Footan“‘ 
Mouth Disease (Amendment) Order 1938 Early notificaUon of sus- 
pected cases IS most important , stock owners and \etennary surgeoy 
should not hesitate to report if there is the least suspiaon of foot ana- 
mouth disease If the suspicion is not confirmed no harm has been 
done by reporting, whereas on the other hand, if disease actually doe^ 
exist and has not been notified the result may be disastrous Tb® 
owner may ha\e been MsiUng markets and other stock m the interval 
and may convey disease elsewhere not to mention the fact that he m3> 
moxc stock off his premises m the belief that the illness among a 
oi his animals is tnx lal 


Stould a vctcniBiy surgeon be called to a case and on esaminanon 
_ ^ ® mform the owner, disinfect himself as 

far as practicahle before leasing the premises, and inform the pol|» 
*°’*’‘* completely change his 

!, J "> ™ of disinfectant 

rtould of a nail brush. On no accoi^ 

whn oompfn of clothing worn on his visit to the susp^ 

“ subsequently confirmed 
clolhmg worn at the time of sisit to the inf^plaec should be 
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disinfected as follows Boots should be washed with an approved 
disinfectant solution as hot as possible ; washable clothing should be 
steeped in disinfectant for twenty-four hours and then washed in hot 
water ; suits, etc., which cannot be washed should be disinfected by 
fumigation by the formalin-potassium permanganate method ; the 
clothes should be placed in a chest made as airtight as possible and 
formalin gas generated by passing formalin into a bucket in the chest 
containing potassium permanganate. Wlten the bottle containing the 
formalin is placed in such a position as to allow its contents to flow on 
to the permanganate the lid of the chest should be closed dotvn and 
left for twenty-four hours. 

When disease is reported the State machinery for dealing with it 
is set in motion as prescribed by the Foot-and-Mouth Disease Order, 
1928,' and the Foot-and-Mouth Disease (Amendment) Order, 1938. 
The police inform the Local Authority and the Ministry of Agriculture 
and Fisheries by telegraph. Notiee (Form A) declaring the premises an 
Infected Place is served on the owner, and the V.O. of the Ministry 
visits as soon as practicable. (No persons other than officials are 
allowed into or out of the premises, and such officials must wear rubber 
boots and overalls capable of being disinfected.) If he suspects the 
disease he-signs a certificate to that efieet and notifies the Chief Con- 
stable of districts within five miles of the Infected Place and sends a 
copy to the stationmaster of the nearest railway station. With the 
signing of the certificate (Form C) a five-miies area, radiating from the 
infected place, immediately becomes a standstill area. If the V.O. does 
not suspect disease he takes no action apart from seeing that the 
Infected Place rules (Art. 7, F. & M. Ord., 1928) are observed. The 
movement of livestock and personnel on and oITthe premises is subject 
to rigid control. The V.O. immediately communicates with the Ministry 
in London by telephone and if he is satisfied that the case is negative 
the Ministry issue instructions for the immediate withdrawal of res- 
trictions. In a positive case the Ministry declare an Infected Area of 
approximately fifteen miles radius under the Foot-and-Mouth Disease 
(Infected Areas Restrictions) Order, 1938, and the area specified be- 
comes subject to the conditions of this Order. These conditions include 
restrictions on the movements of all cloven-hoofed animals, the suspen- 
sion of markets and sales of animals, the control of dogs and poultry 
and the prohibition of hunting and coursing. It is at the Ministry’s 
discretion whether the affected animals are slaughtered or not. At the 
present time the Ministry as a rule slaughter the affected animals and 
dispose of the carcases by burial, fuel-shortage preventing the use of 
cremation. Contact animals are also destroyed but if they are appar- 
ently healthy the carcases are salvaged for food purposes. The byres, 

— V.H. 26 
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pig sties and jaids, etc , must be sprajed and seal cd uith 
cleansed, and again disinfected with an approacd disinfcctam A ^ 
cent solution of uashmg soda is used citcnsisely Foodstulfs 
are considered to be contaminated must be burned as veil a 
and sacks Carts, etc , should be disinfected m the same tvay as 
bjTCs Chums, milk-cans, etc , should be disinfected vath ^ 
solution of washing soda m water and finally scalded with ^ 

^^ate^ or steam. The attendants* clothing should be disinfected oy 
the formalin potassium permanganate method The surface layer 
manure m cattle pens should be removed and burned, and ^ 
mamder spra>cd with disinfectant Hay and straw slacks shoul 
sprayed with a solution of one per cent formalin in water Min® 
fThird Progress Report, p 37) lound that trussed hay could be cu^ 
lively disinfected by spraying with formalin solution , he also . 
nhal hay treated m this wav could be fed to animals without any 
effects Gram and feedmg stuffs exposed to lesser chance of mfccttcn 
may be dealt with by fumigation with formaldehyde in a closed, a® 
as air tight as possible, room. As regards disinfection of pastures, ^T^y 
little can be done , in the summer, sunshine is the best disinfectant, an® 
pastures being uncovered will benefit greatly from it In this con 
neciion the C V O , m his annual report for 1929, states * Time an 
natural agenaes alone arc depended upon m the case of pastures since 
disinfection is not practicable, and only the heavily contaminated parts, 
such as gateways and the vicinity of the incineration pd, ^ 
disinfected ’* 

The mterval of time between the completion of disinfection sod 
-the time of re admission of animals to the Infected Place is appi®^ 
mately six weeks Expenence m this coumry has shown this to be a 
relativelysafepenod A few recurrences have taken place ,inlhiscoD 
■nection it is mteresting to note the words of Sir Ralph Jackson, 
C V o , m his report for 1929, m which he sumraanses the recurrences 
of the disease for the past twemy years (1909 1928) — ^“All the re 
OTrrences appear to be associated with buildings or with foodstuffs a®® 
In four cases it was reported that defcctiv e floors had probably 
^ reponsible for the upkeep of the virus despite the fact that disio- 
Iiad been used on a very liberal scale on account of 
cfincurtpri*^^ ^ hygienic conditions The foodstuffs m most cases 
provender, mcludmg ha^, meals, cake rooli 
some ca,e<i moie or less abandant supplies of straw 

^ ™ the oov shed such 

of by the attendants dunng the oailf 

St™ ° »>•' rv^ro ttot a.r tight fut™- 

sanou vas unpracucahle Destmetton was equaUy impiacOcahlo 
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Ticw of the large quantities foimd in these lofts. The usual practice 
■was to spray with a formalin solution the parts of the store to which 
the attendants had access in drawing supplies for cattle. In only one 
case no foodstuffs remained after the cleaning of tlie premises after 
the first outbreak of the disease.*’ 

The Order prohibits the movement of any animal, including horses 
and live poultry, hares or rabbits and their carcases, out of an Infected 
Tlace, except under licence granted by the Ministry. Milk from 
diseased or suspected animals cannot be removed from an Infected 
Place and must not be fed to animals unless it has been boiled. 

It is important also to note that dogs, oats and poultry on an 
Infected Place should be shut up or otherwise confined until disin- 
fection of the premises has been completed. 

For the complete list of restrictions imposed on the Infected Place 
the reader is referred to the Foot-and-Mouth Disease Order, 1928, and 
the Foot-and-Mouth Disease (Amendment) Order, 1938, 

Control by Prophylactics. In Great Britain the success of the slaughter 
policy in stamping out invasions of the disease has undoubtedly justified 
its continuance as the most economic means of control. In countries 
where the disease is endemic, however, vaccination is resorted to. 
Waldmann’s formolised vaccine, as used in Germany, is claimed to 
give an immunity lasting six to eight months and, more recently, a 
<nystal tdolet vaccine has been employed extensively in South America. 

SWINE FEVER 

Swine fever (hog cholera) is a highly contagious disease of the pig 
caused by a filterable virus. The pig is the only animal susceptible to 
-the infection. Available evidence points to the disease having been 
introduced into Britain from the Continent at a date prior to 1SS8. 

Swme fever attacks pigs of all ages, but in many outbreaks the 
mewly-weaned animals appear to be the most susceptible and have the 
highest death-rate in the herd, but this is not invariably so, and pigs 
of any age are liable to be attacked. The period of incubation is at 
least four and may be as long as ten to twenty days. The mortality 
-varies greatly with the character of the outbreak, depending principally 
•upon the virulence of the virus. In very acute outbreaks from 70 to 
90 per cent, of deaths may be expected. The average mortality for .all 
outbreaks is placed at about 30 per cent. 

Methods of Spread. The virus is present in the blood and also in 
the faeces and urine, and it is through the agency of these excretions 
that the disease is spread. Infection occurs by ingestion. Once the 
■disease is introduced into a piggery it is readily disseminated by 



388 veterinary hygiene 

attendants carrying infection on their boots, brushes, 
like. The disease may also be spread by rats, flics and bir . 
chief method by which the disease is spread from one dis 
another is by the sale of infected "store” pigs, and 
“stores” pass through the hands of dealers. The passage of » 
pigs through a market is frequently the cause of multiple out re ► 
the urine and faeces voided by the pigs in their pens and | 
ring infecting the bools of attendants and purchasers as ^ . 
feet of pigs passing through the ring. It has been suggested t at 
use of food sacks returned from a piggery may be the mca^ 
ing this disease ; while this may be possible, it is doubtful if such sac 
play an important part in dissemination. Swill containing 
products is a potential source of infection if the swill has not ^ 
boiled as required by the Diseases of Animals (Boiling of Amina 
Foodstuffs) Order of 1947. , 

Under the Regulation of Movement of Swine Order of 1950 an 
the Amending Order of 1950 the holding of a sale of ssrinc 
market, fairground or sale yard is prohibited unless such sale i> 
authorised by the local authority. These orders also place rcstrictio^ 
on the movement of swine from any market, fairground or sale 
or from any collecting centre used by the Minister of Food or ffO® 
the premises of a pig dealer. The restrictions now apply to the whoi« 
of Great Britain. 

Whenever swine fe\‘er assumes serious proportions the MmisW 
make a special “standstill” order over a certain area of the coun 
for a few weeks or even months. 

Incidence. The number of confirmed outbreaks of swine fever to 
Britain in the last t^^’o decades is as follows • 
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Tlie remarkable drop in the number of outbreaks which occurred 
In the war years and immediate post-war period was attributed to 
the reduction in the quantity of raw pig products imported from 
countries in which the disease is endemic. 


Legislation. The various Orders controlling Stvine Fever were con- 
solidated in the Swine Fever Order of 1938 and an Amending Order 
of 1940. These Orders contain provisions for the notification of the 
suspected existence of the disease to a police constable, define the 
duties of the police constable, give rules for the Infected Place, for 
the disposal of carcases and for the disinfection and cleansing of pre- 
mises, etc. The Orders also lay down that pig dealers,castrators and the 
owners of boars shall keep registers of their activities. They also deal 
with the cleansing of vehicles, crates, etc., used for the conveyance 
of pigs, and provision is made for placing premises believed to have 
held tlie disease or suspected pigs under movement restrictions. 

The Regulation of Movement of Swine Orders of 1950 contain 
conditions for the prevention of the spread of the disease by restriction 
on sales, etc. (see above). 

Troceiure in the case of Saspeeted Swine Fever. If an owner of 
pigs suspects that the disease exists on his premises, he must notify 
the police. A veterinary surgeon encoxmtering a suspected case in the 
course of his practice must take similar action. The police telegraph 
the information to the Ministry’s head office, notify the Divisional 
'Veterinary Officer and also an Inspector of the Local Authority. On 
receiving such notice the Inspector of the Local Authority serves a 
form on the occupier ofthe premises which thereby become an Infected 
Place. Movement of pigs into or out of the Infected Place is pro- 
hibited except under licence. Carcases and foodstuffs must not be 
removed and anyone having legitimate business on the premises (e.g., 
a veterinary surgeon) must disinfect his boots, etc. on leaving. For 
full details of the Rules which apply on an Infected Place the Order 
should be consulted. 

The Ministry’s Veterinary Officer conducts an enquiry and if after 
making -a post-mortem examination he suspects the presence of the 
disease he forwards viscera to the Ministry’s laboratory for confirm- 
atory diagnosis and advises the owner as to the steps he should take. 

No compensation is paid in respect of the disease, except for such 
animals as it is necessary to slaughter for diagnostic purposes, the 
animals being valued before they are slaughtered. 

The owner of the pigs has to consider what action he should take in 
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order to redooe his losses as much as possible. He may 
follows :-He may adopt a passive atfitude, ti^mg tot the fo ea^ 
■Will die out, in which case it is advisable for him to slaughter 
viously diseased animals, since these very rarely recover, and t^ 
that do arc unprofitable, as they seldom thrive aftenvards. 
decide to slaughter the whole of his stock, in which case he may ^ a 
licence from the Ministry, which will be granted at the time ol tn 
Veterinary Officer’s visit, and later, on request, granting-^ P^' 
nussion to remove, under certain restrictions, healthy pigs to a 
slaughter-house or bacon factory for immediate slaughter^ ; or shorn 
the Local Authority &ve their consent, which they invariably do, ^ 
may have all the animals slaughtered and those suitable for fo 
dressed on the premises. Provided that the dressed carcases are pass 
as being fit for food, these may be removed. 

His other alternative is to employ his own veterinary surgeon to- 
treat non-infected pigs with serum. This he must do at his own 
expense. The serum confers a passive immunity lasting approxh^t^^y 
ten days, and during this time it is therefore necessary to mix 
treated pigs with animals which have the disease in order that th® 
passh'e immunity may be converted into an active immunity. If 
is any doubt about the animals having been brought into contact wim 
the ffisease after having received the serum, a second dose of senini 
should be administered ten days after the first. The serum has no- 
curative effect, and is useless on infected animals. Its use is contra- 
infficated when the disease is of a particularly virulent type or is wide* 
spread through the piggery. 

Scrum treatment may be worth trying, cither in the case of a vain- 
able breeding herd where it is desired to save some of the founda- 
tion stock, or where the majority of pigs are not affected and the^ ^ 
a large number of apparently healthy store pigs which could be fatten- 
ed. ^ many instances serum treatment in breeding establishments 
h^ &vcn most disappointing results ; notwithstanding that the young 
pigs have been treated before and after weaning, the disease has broken 
out again and again shortly after the animals have been w'eaned. Thus, 
m some cases where scrum treatment has been adopted, the disease 
fisted on the premises for months or ev'en years. Serum 
has ^sen excellent results in cases whern has cranted 


Tv.rT«;ec;«« r .v . ' ' ™ where the Ministry has grai- 
^rmission for ths admission of store pigs for fattening, the aniraals 

raism"fnd tr' v immediately on their arrival at the pr=* 
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-TO-ht to th- ^ dehberations ho should attach dee 
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surgeon. It is probable that in most cases the most economical pro- 
cedure will be to slaughter everything on the premises. 

Prevention. For the effective control of tlus disease, it is essential 
that the provisions of the Swine Fever Orders should be scrupulously, 
carried out. Early reporting of the suspected existence of the disease 
is imperative in order tliat the movement of infected pigs may be 
prevented as soon as possible. Pig-breeders should breed and feed 
their own stock as far as possible, and avoid prachasing “store” pigs 
through dealers. All new purchases should be kept in strict isolation 
for a month. When swine fever appears in a district mvners of pigs 
should abstain from attending markets and should close their premises 
to visitors. Crystal violet vaccine has proved in field trials to be an 
effective agent in provoking an immunity which lasts for at least ten 
months and, when used imder suitable conditions, is a useful agent in 
the control of the disease. Vaccination is only of value in a healthy 
herd ; if it is used on sick pigs and particualrly pigs incubating swine 
fever, whether they show clinical signs or not, it is very likely to have 
fatal results. 


PARASITIC MANGE OF HORSES, ASSES AND MULES. 

Two types of mange in horses are notifiable, viz., Sarcoptic Mange 
and Fsoroptic Mange. Sarcoptic mange which is caused by a burrow- 
ing mite, Sarcoptes scabiei var. equi, is the type more frequently met 
with in Great Britain. Sarcoptic mange generally starts on the head, 
neck and shoulders, but spreads over the whole body if neglected. 
Psoroptic mange, caused by a sucking mite, Psoroptes communis var. 
equi, is less frequently encountered. Psoroptic mange Is the more 
contagious type. The disease usually starts on those parts of the body 
covered thickly by hair, but in advanced cases the whole snrfaee of the 
body may be affected. 

The sarcoptic mites penetrate the upper layer of sldn and form 
burrows in which the eggs are laid. Each female lays from 10 to 25 
eggs, which hatch in from 3 to 10 days ; the young mites after passing 
through several moults begin laying eggs when they are 10-12 days old. 
The average period of incubation (from time eggs are laid until they 
hatch) is about 4 days, and the average period from hatching until 
egg-laying begins is about 1 1 days. A new generation of mites, there- 
fore, may be produced in about 15 days. 

The psoroptic mites live in colonies on the surface of the skin. 
Each female may deposit up to 24 eggs, which hatch on the animal in 
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4 to 7 days The new generation of mites reach maturity and the 
females deposit eggs in from 10 to 12 days from the time 
These stages m the hfe cycle have an important bearing on the mtervai 
between treatments 


Resistance of Mange Mites, According to Hertwig,* mange mi es 
die in a few da>s if placed exposed m a room, probably on account o 
the lack of moisture If kept moist on the skm, they ma> b\ ® ^ 

weeks or more, but in a dry atmosphere they die m fourteen da>s 
Brandi and Greimer conclude that the optimum temperature for man^ 
mites IS from 59” F to 86” F and that at 97” F they become dry and 
shrnel In warm wmer, accordmg to these investigators, the mites 
h\e for twelve to fourteen da>s and m cold water from mne to twelve 
da>s Testing the action of certain chemicals on the rmtes, the above 

workers found that chloroform,bisulphideofcarbon, and facial acetic 

acid immediately kill them Liq cresolis saponatus and carbolic acid 
in 2 per cent watery solution kill m from tw o to three mmutes A one 
per cent bichloride solution takes half an hour and a 20 per cent, 
decoction of tobacco leaves did not destroy the mites m three hour? 
Arsenious acid in a 0 5 to 15 per cent solution did not kill mites 
exposed to Its action for twenty hours Mange parasites have been 
credited wnth the power to lie dormant m crevices m the stall divisions 
for an almost mdefinue period, and to this have been attributed re- 
current outbreaks of disease m stables It is more probable that the 
horses have never been propcrlv cured and that a few parasites remain 
more or less quiescent on the skin to resume activity when conditions 
become favourable Nevertheless, it would be the height of folly to 
rely upon natural disinfection to nd a stable of the nuisance , v igorous 
disinfection should be emplo\ed 


In Great Britain the first Mange Order came mto force in 
1912^ and the returns for that year show that there ncrc 2,873 out- 
brtata vnth 6,608 ammaU attacked In 1913 the number of animals 
attacked nas reduced to 4,467 In 1916 there nere 2,147 outbreaks, 
affecting 4 689 unrniaU, and m 1917. 2,614 outbreaks, with 4 873 
'I'* mcreased to such an extent that the 

.molvinE8.422ammaIs In 1919 
™h 9.773 annuals attacked , since that 
breaks until tfLi ^ gradual decline in the number of out- 

bS “ practically eradicated Only one out- 

th“d,S«Z , ■” mid m 1949 and 1950 

te. fliscase did rot appear m Great Bntam 


“ Dneuts t^crztl II odriuefo.. 


.P IM duouehKel Rer.l.V 



THE CONTROL OF DISEASE 


393 


Control and Prevention* Parasitic mange or sarcoptic and psoroptic 
■mange of the horse, ass and mule is a notifiable disease under the 
Diseases of Animals Acts, When a case is suspected, provisions for 
dealing with it are found in the Parasitic Mange Order of 1938. 
"Suspected cases must be isolated, and reported to the police, who 
inform the Local Authority and the Divisional Veterinary Officer 
of the Ministry whose duty it is to cause a veterinary inquiry to be 
made. The Local Authority shall immediately on receiving notice of 
disease serve a restriction notice (Form A) on the occupier of the stable, 
shed, field, etc., where the suspected animal is kept. If the Veterinary 
Officer suspects mange to exist he must send material to the Labora- 
tory of the Ministry at Weybridge for confirmation or otherwise. On 
service of this notice the affected horse must be treated with a dressing, 
approved by the V.O., as often as is considered necessary. The affected 
horse or horses must not be moved out of the premises except wth 
permission in writing by the V,0. Other horses (if not affected) may 
he moved out of the premises only if they have been treated all over 
with a parasitic mange dressing within seven days preceding date of 
movement. The Inspector of the Local Authority has power to have 
the place in wliich an affected horse has been stabled cleansed and 
disinfected at the expense of the occupier. The place, stall, etc., must 
he swept, and siveepings, etc., burned and mixed with quicklime and 
■removed from contact with horses. The floor and all parts which have 
been in contact with the horse must be soaked or washed ^\ith an 
approved disinfectant, and finally the whole place must be washed, 
scrubbed or scoured with water. Mangers, troughs, harness, clothing, 
-etc., must be thoroughly cleansed and then disinfected with an approved 
disinfectant. The detention notice (Form A) remains in force until 
the V. O. is 'satisfied that the animals arc cured. When so satisfied 
he must inform the Local Authority uho witlidraw the restrictions 
by means of a further form (Form C). 

'SVliere the Veterinary Officer considers that any other horse, ass 
or mule has been in contact with the diseased animal or has been ex- 
posed to infection, he may serve restrictions on such animal or animals. 
This notice permits the animals to be worked provided they have been 
dressed tvithin the preceding seven days. 

Prevention, Despite all precautions, mange may find its way into a 
stable, but as a rule its appearance is due to carelessness. Most 
commonly its introduction is due to the purchase of a slightly infected 
animal ; therefore care should be taken to examine intended purchases 
for any suspicious signs of disease. Itchincss of the skin may, of 
course, be due to other causes than ihange, such as lice, dirt, or to the 
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presence of certain forage acari. If no imnge 
there is no other obvious cause for the skm imtabihty, ^ 

should be Heated as a suspect and isolated. Once mang b ^ 
found in a stud, the greatest care must be taken to P'f 
from one animal to another. If the stable management is good ^d tn 
horses are carefully attended to, mange should be det^ed Y=ty 
after its introduction, but it is astonishingly true that in t 
instances the disease has obtained a good hold before the stable forema 
thinks fit to take any action. If it is not the ordinary stable , 

provide each horseman with his own set of grooming tools, tms sho 
be done immediately the disease is suspected, and all such kit 
kept clean and frequently washed in an alkali solution to remove 

grease and dirt. _ t.a, 4 / 4 -Ti 2 

In some stables it is the practice to spread the least soiled^ bed & 
out in the open in the morning and then to re-apportion it to 
stalls when dry. If mange is present this must on no account ^ 
allowed, even among the clean horses. The harness of all the anhna »■ 
whether diseased, in-contacts or clean, should be periodically cleane ^ 
dried in the air and dressed with some harness composition. The use 
of rugs, bandages and other clothing should be restricted as fat ^ 
possible and, of course, under no drcumstance should any harness be^ 
transferred from one animal to another. 

^^lANDERS 

Glanders or farcy k an infectious disease due to a spemfic mict^^ 
organism, Pfeijferella mallei. It is essentially a disease of cquines,- 
and its existence is maintained by propagation in this species. 
k susceptible. The other domesticated animak are for all practic^ 
purposes immune. In the horse the disease is as a rule of a chJOi“^ 
type ; in the ass and mule it is generally much more acute. 
hddtitcc. In 1906 there were 1 ,066 outbreaks of glanders in Biitn'®- 
Ten years later the number had been reduced to 55, and in 1921, wb» 
the to edition of this book was pubhshed, the author stated it seemed 
tobahle that in the course of a few years one might expect ib'^ 
dismsc to be or rare occurrence, if not actually eradicated. That lif 
optimisuc view was justified is shown by the fact that in 1926 only 
^ In 1907 there were 854 outbreals, 

th 1,921 animU alTcctcd. It was in 1907 that the Glanders Order. 

'““Enition to the use of mallein for diagnosinr 
<Iecidcd impetus to iW 

See of ^ ncm^lmical or latent glanders and marked the begm- 

nmg or the campaign for the tdtal eradication of the disease ftco 
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Britain. The success of that campaign is shown hy the figures in the 
table below which are quoted from the annual reports of the C.V.O., 
Ministry of Agriculture and Fisheries. 

Though no case of glanders was detected in 1927, one horse was 
found at Southampton to be ch'nically affected in 1928 and gave a 
positive reaction to the mallein test. It was slaughtered, but no. 
material was submitted to the Ministry’s laboratory for confirmatory 
diagnosis. The clinical history and post-mortem findings, however, 
left little room for doubt as to the animal’s condition. This is the last 
case recorded in Great Britain. 


Incidence of Glanders in Great Britain. 
Year Outbreaks Horses attacked 


1907 

854 

J,92I 

1903 

789 

2,433 

1909 

533 

1,753 

1910 , 

351 

1,014 

1911 

209 

504 

1912 

172 

315 

1913 

162 

438 

1914 

97 

286 

1915 

49 

85 

1915 

46 

117 

1917 

25 

63 

1918 

34 

95 

1919 

25 

61 

1920 

15 

25 

1921 

11 

45 

1922 

4 

4 

1923 

9* 

16 

1924 

3 

4 

1925 

2 

2 

1926 

J 

1 

1927 

0 

0 

1928 

1 

I 

* Six of the outbreaks in 1923 occurred in imported animals. 

Legislation, The Order dealing with glanders is the Glanders or Farcy 
Order of 1938. Notification requires to he made to a police constable, 


' who must immediately notify the Divisional Veterinary Oflieer of 
the Ministry and an Inspector of the Local Authority. The latter must 
inform the Local Authority and the Medical Officer of Health of the 
district. The Veterinary Officer is bound to make an inquiry and 
report his findings to the Ministry and to the Local Authority. If they 
tliink fit, the L.A. may give public ivaming of tlic existence of the 
disease by the use of placards or otherwise. Diseased, suspected 
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animals and “in-contacts” must be detained in isolation 
animals must be slaughtered and compensation paid to the ovfner in 

V O must apply the mallein test to any animal detamcd under Art 
of the Order, other than a diseased animal Rearting animals must e 
slaughtered Apost mortem examination must be held on c\ cry anima 
slaughtered, and if the V O finds evidence of the disease necessary 
matenal for diagnostic purposes must be sent to the Ministry 
hibition of motement of diseased or suspected carcases and of 
litter, etc , is enforced The Crown is not bound by this Order (t s 
means that animals belonging to the Crown c g , army horses, etc , 
may be exempt from the conditions of the Order) 

Prevention, Protection against the introduction of glanders with iffl 
ported horses is given by the Importation of Horses, Asses and Mules 
(Great Britain) Order, 1938 By this Order horses, wath certain 
exceptions, may he landed in this country only if accompanied by a 
certificate of a dul> authorised Veterinary Officer of the district of 
ongm stating ihat-ihe animal is free from disease and has passed the 
mallein test wthin ten da> s previousl) Horses from Ireland, Channel 
Islands and the Isle of Man are exempt from this Order Horses may 
be landed from Iceland and the Faroe Islands xMthout ha\ang been 
subjected to the mallem test proided they are certified as being free 
from disease 

Protection against the introduction of glanders into coal mines is 
provided b> Part I , Third Schedule of the Coal Mmes Act, 1911 
No horse shall be tahen underground until it is four xears old and 
until It has been tested by a \ etennary surgeon m the prescribed manner 
and certified to be free from glanders 


SHEEP SCAB 

Sheep scab has been kno^m and recognised for a very long tune 
It was known to Moses (Leviticus xxii 22) but it was not until 1809 
that the causal mite or acarus was discovered by Walz. 

Sheep scab, i e , psoroptic mange of sheep, is caused by a mite, 
Psoropta conrmxans rar otis This is a sucking mite, and derives its 
noi^hm^ whne Imng on the skm bv puncturing the latter and 
^ckmg fluids Hie parts of the animal usuall> attacked are the 
shoi^.r^p and tail, but m bad cases the d^ease may spread over 
the entire body Hie acarus when adult measures l/40th to l/50lb 
of an mch m le^ The m^e is smaller than the female, but both 
canjust be seen with the naked eve 

Two other or sheep scab occor. caused by Sc^coptes scebm 

Tcr om , and Cftonop/« oiij Hipr — ... ^ 
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head and ears and sometimes on the tail, while the chorioptic variety 
confines itself to the limbs ‘and the base of the tail. Both these forms 
of scab are comparatively -uncommon, the usual form being the 
psoroptic variety, -which gives rise to much more severe symptoms, with 
greater tendency to spread rapidly through a flock. Only two forms 
of scab are notifiable under the Diseases of Animats A4ts, the psoroptic 
and sarcoptic. 

The life-cycle of Psoroptes communis is briefly as follows : — The 
female lays eggs which hatch out into hexapod larvae in about four 
days. Stockman foimd that eggs which did not hatch before the eighth 
day did not produce larvae. The larvae feed, moult and become 
nymphae in two to three days ; the nymphae moult and become adult 
males and females in another three to four days. Another two to 
three days may be allowed for mating and egg laying, thus completing 
the life history from egg to egg in about 14 days. This is a very 
important point which must be taken into consideration in the treat- 
ment of the disease. It is known that one dipping will destroy the 
aeari, but no dip can be relied upon to destroy the eggs. Using a dip 
which has no prolonged residual effect, the first dipping will destroy the 
acari only ; a second dipping is therefore necessary and it must be done 
late enough to ensure that all the eggs of the old brood have hatched 
out, and early enough to destroy the new brood of acari. From the 
above data it will be seen that most of the eggs hatch in 3 to 4 days 
but that some may take 8 days. It will also be observed that the new 
brood of acari begin to lay eggs about the fourteenth day, so that the 
second dipping musr 6e done between the eighth and foarteeath day, 
during which period only acari arepresent and will therefore be destroy- 
ed. Dips containing the gamma isomer of benzene hexachloride, 
however, have a residual effect extending over this period and so when 
these dips are used there is no necessity for a second dipping. 

Survival of Aeari. It is often believed by stockowners and others that 
the acarus of scab can survive for long periods on gates, posts, etc., 
and thus cause re-infection ofilocks. Stockman showed by c.xperimcnts 
that acari do not survive on heavily infected wool for longer than 31 
days, and tliat in infected wool kept for 15 days and over the majority 
of the acari are dead. He also attempted to infect sheep with hcaiily 
infeeted material which had been kept for a month, but all the attempts 
failed. The same experimentist placed sheep in pens which had held 
sheep badly affected with scab and which had been vacated for dilfercnt 
periods ; positive results were obtained in pens left s-acant up to S 
days, while in pens left vacant for 14 days the sheep which were put 
in remained healthy. Stockra.tn stated : “It is cicarfrom these observe- 
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tions that persistence oF scab on shcqi farms and recurrences of 
disease after interv'als of weeks or months' arc not due to the surviva 
of the parasites or their eggs off the sheep, attached to posts, 
etc., or on the ground, and that they leave no other conclusion 

- except that infection, when it persists, docs so on the sheep.”^ 

is a most important practical observation with regard to eradication 
of scab in flocks ; it shows that, with proper treatment of the sheep, the 

- disease can he eradicated. It is in the winter months that the disease 
is seen in the actively progressive form with rapid spread of the 
characteristic lesions. During the summer the sheep may be appa^' 
ently free from infection but it is now known that the nutes survive 
in protected sites on the animal’s body, c.g., in the infra-orbital fossae, 

• on the scrotum, or in the original folds. The disease thus rcina^ 

latent, the rale of oviposition being markedly slow'cd and the colonies 
just surviving without multiplication until the cold weather comes and 
the disease flares up again. Sometimes, however, a slow progressive 
form of the disease is seen during the summer months with, again, 
increased activity in the autumn. 

Incidence, Sheqj scab is known in practically every country in the 
world. In Great Britain regulations have been in force for a consider* 
able number of years, with a view to reducing the incidence of the 
disease, if not totally eradicating it From the following table, taken 
from the C.V.O.’s reports, it will be seen that considerable progress has 
been made in this direction : — 


Number of Outbreaks of Sheep Scab, 1922-1949 


No. of Outbreals 


Year No. of Outbreaks 


1922 

683 

1923 

690 

1924 

575 

1925 

670 

1926 

717 

1927 

723 

1923 

744 

1929 

666 

1930 

478 

1931 

347 

1932 

361 

1933 

578 

1934 

684 

1935 

477 


1936 

255 

1937 

253 

1938 

222 

1939 

276 

1940 

■228 

1941 

255 

1942 

283 

1943 

257 

1944 

245 

1945 

121 

1946 

94 

1947 

103 

1948 

69 

1949 

46 


outbreaks are ocemred in Scotland since 1941 and in Englan 

the Pcimme Chain, h “““tland and moimtam are^ 

Vales neatly all recent outbreaks haw bee 
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.m the Berwyn Mountains on the borders of Merioneth, Montgomery 
«nd Denbigh and the Black Mountains of Brecon and Monmouth. 

The main obstacle to the complete eradication of the disease is 
the existence of common, unfenced grazings in these areas. Wherever 
such grazings exist there is always the danger that gathering 
Tor dipping may not be complete and thus some infested sheep may 
■escape detection and treatment and thus provide a focus for further 
•outbreaks. If the full co-operation of flockmasters can be obtained in 
ensuring that all sheep on such grazings are dipped without exception 
then there is no reason why the disease should not be eradicated. Inten- 
sive action is now being taken by the Ministry to eliminate sheep 
scab from these few remaining infected areas using benzene hexachlo- 
■ride dips which, after a single dipping, give several weeks’ protection 
from re-infestation. 

-Prevention. Sheep scab spreads through a flock by direct contact of 
one animal with another, and indirectly from contact with contami- 
nated rubbing posts, tree trunks, rocks, gates, etc. The disease is 
■disseminated by movement of sheep from infected farms to other 
farms, either directly or through dealers or markets. It has already 
been noted that sheep may be harbouring infection and yet not show 
•clinical signs of disease, and herein lies a great difficulty in eradication. 

The ctpeful flock-master’s best preventive against sheep scab is the 
regular periodic proper dipping of his flock. tVhere fresh sheep are 
brought on to the farm, they should be dipped in an approved ben- 
^Eneiesachlojjde dip before they are mixed with the flock. 

Portal inspection and dipping at the landing place of sheep slupped 
from Ireland checks the introduction of disease into this country. 

.Legislation. Sheep scab is a notifiable disease imder the Diseases of 
Animals Acts. Provisions for dealing with it are laid dosvn in the 
Sheep Scab Order of 1938. Every owner or person in charge who 
suspects the disease must notify a police constable svho must immedi- 
ately pass on the information to the Divisional Veterinary Officer 
of the Ministry and to an Inspector of the Local Autliority. The latter 
must serve a Form placing the premises under restrictions prohibiting 
the movement of sheep cither out of or into such premises. TJic 
Veterinary Officer must arrange for a veterinary examination of the 
suspected sheep and report to the Local Authority and to the Ministiy. 
Should he suspect scab to exist ho must send material (usually mounted 
acari if possible) to the Laboratory of the Ministry at Weybridgo. 

If scab is confirmed by the C.V.O. the V.O. serves a notice on the 
-owner to double-dip his affected and his contact .sheep and also gh-cs 
.advice regarding the hand dressing of those actually aficcied. 
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The affected flock must remain in isolation until the V.O. considers 

all the sheep arc free from the disease. 

The Sheep Scab Order gives the Local Authority powcato ^au^t 

ownerless sheep which come within the scope of the Order. (For ip 

and Dipping see pp. 328f.). „reval- 

< Where in any particular district sheep scab is known to be p 
ent, the Ministry has power to declare such an area to be a * Double 
Dipping Area” or a “Movement Area.” In a “Double Dipping 
Area” all sheep within it must be double dipped (i.e., dipped twice, 
the second dipping to take place not earlier than the eighth day, nor 
later than the fourteenth day, after the first dipping) within a speci- 
fied period. In a “Movement Area” sheep may not be moved ® 
such area except under licence, and then only if they have been double 
dipped before being moved. 

Under the Sheep Scab (Amendment) Order of 1948 single dipping 
vath an approved benzene hexachloridc dip is authorised as an altw- 
native to double dipping with one of the older types of approved dip- 
Provided that an approved benzene hexachloridc dip is used, Ihe 
second dipping between the eighth and fourteenth day is not called for* 


SHEEP.POX 

Sheep-pox (variola ovina) does not at present exist in Great Britain. 
It was imported into this country in 1847 from Denmark but was 
stamped out after four years. It reappeared m 1862, but more wgor- 
ous measures were adopted for its control and after four months it 
was completely eradicated and has not appeared since. At present 
sheep-pox has been controlled or eliminated from the greater part of 
Europe. It continues to exist in Southern and Eastern Europe and in 
North Africa. The controlling Order in Great Britain is the Sheep- 
Pox Order of 1938. Suspected cases must be notified to the police. 


'^BIES 

Rabies (hydrophobia, lyssa) is a disease to winch all warm-blooded 

animals, mcluding man, are susceptible, but it is essentially a disease 
ot wmnes ^d is propagated chiefly by them. The infective agent is 
rS'?, ^aiimals of nearly all species develop 

wav *^^“^nnssion in natural cases occurs in this 

ammak which aienaturally docile, e.g., sheep, become very 

tSc^wasnolr"® ' 
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' In rabid animals the virus is present in the brain and spinal cord, 
the peripheral nerves, the salivary glands and the saliva. It has been 
demonstrated in the saliva of dogs 4 days before symptoms developed. 

The period of incubation in man and animals is variable ; it is 
generally about 1 to 3 months, and is rarely shorter than 15 days or 
longer than 6 months. During the interval between infection and the 
appearance of the symptoms the virus is travelling up the peripheral 
nerves and spinal cord to the cerebrum, and the incubation period 
depends on the distance to be travelled. Thus, symptoms appear more 
rapidly after bites on the face than after bites on the teg. Once symp- 
toms develop, the disease is almost invariably fatal, and generally 
lasts from four to seven days. Symptoms, however, do not always 
appear in a person or animal that has been subjected to infection. _ 

In considering the risk of infection, it should be noted that it has 
been found experimentally that different strains of rabies virus vary 
eonsiderably in their pathogenicity for animals, some strains rarely 
producing infection when injected subcutaneously, while others invari- 
ably do so. Rabies, too, is more likely to develop after bites on an area 
with a rich nerve supply, e.g., the face, as there is then more likelihood 
of the virus coming in contact with the tom ends of nerves. 

If a person has been bitten by a dog about whose condition there 
is doubt, it is essential to find out whether the animal is suffering from 
rabies, and the diagnosis can only be effected in a laboratory. The dog 
should be destroyed, but not by shooting, and the head should be 
removed, packed in ice and forwarded without delay. If ice is not 
available, the head should he wrapped in a cloth soaked in glycerol in 
order to hinder bacterial multiplication. 

If the dog is thought to have been affected, treatment of the person 
bitten should be sought as soon as possible. 

Incidence. Rabies was at one time quite common in Britain, and 
from time to time muzzling orders were enforced over infected areas, 
but it was clear that if the disease was to be eradicated its importation • 
from other countries had to be prevented, and in 1897 regulations were 
issued requiring that all imported dogs had to be kept in quarantine, 
“These regulations were revised in 1901, and during 1902 the disease was 
eradicated, and the country remained free from the disc,Tse until 1918, 
During that year it was reintroduced, it is assumed, but not definilcly 
known, by a dog which came over from the Continent with returning 
troops. The disease spread very rapidly tlirough the south of England 
and South Wales, and in the official report of the C.V.O. of the 
Ministry of A^culturc and Fisheries, 1921, it is stated that 319 dogs 
werc affected and that 358 persons were known to bo bitten by diseased 
— VJL 27 
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or suspected dogs Ittookfourjcarstostampthcdiseascout 

has been entirely free from rabies since 1922 except for a f 
occurring m quarantine This fortunate position is due to M ng ^ 
enforcement of the quarantine regulations and to ‘'''= 
of the animals kept in quarantine The occurrence . 

quarantined animals emphasizes the need for continued watc 


Legislation. There are two Orders dealing with rabies and with t 
importation of animals which might introduce disease These arc 
Rabies Order of 1938 and the Importation of Dogs and Cats Order, 


Rabies Order of 1938 —Notification of the suspected cxisten'-c oi 
disease is to be made by the owner or person in charge to a police 
constable who must immediately inform the Divisional Veterinary 


Officer and an Inspector of the Local Authority 

The L A must slaughter every dog and cat within their district 
which IS diseased or suspected, or which is Icnown to have been bitten 


by a diseased dog or cat 

The VO has to inquire into the suspected cases, to report to the 
Ministry, to make a post mortem examination, and to forward the 
necessary diagnostic material to the Ministry 

All dogs and cats which have been exposed to the infection or 
other animal which is diseased or suspect^, or which has been exposed 
to the infection of rabies, must be detained m isolation. 

Importation of Dogs and Cats Order, 1928 — Previous to 1928, t^ 
Importation of Dogs Order for 1914 and amendmg Orders required 
that all imported dogs should be kept m quarantine for a period of six 
months, but owing to the frequency with which cats were found to be 
affected with rabies on the Continent of Europe, the Ministry made a 
new Order, the Importation of Dogs and Cats Order of 1928, which 


states that no canme or febne animal can be brought to Great Britain 
from any other country except Ireland, the Channel Islands and the 
Isle of Man, unless a licence has been granted for its landing and 
that It IS kept m quarantine upon approved premises for a period 
fide performing animals, canme animals other 
man the domesuc dog or feline animals other than the domestic cat 
Which are imported for breeding, or exhibitron or other special pur- 
pose may be landed subject to certam conditions 

and Cats m Quarantine 

confinM V ^ Separate kennel and exercised only m a 

other which It cannot escape nor come mto contact with 

The matinrr ^°^^^®'^®®“®dogorcatmay bekeptmakennel 

S f dogs during quarantme is prohibited, as also is 
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artificial insemination of bitches. Quarantine kennels have to be under 
the direct control of a veterinary surgeon. Objections are raised from, 
time to time by owners of dogs, or persons desirous of importing dogs, 
to the lengthy period of quarantine. The Ministry has clearly shown 
that owing to the prolonged incubation period of rabies, six montlts is 
the shortest period of detention that can, with safety, be allowed. In 
1947 a dog had been under quarantine conditions for eight months 
Tiefore it showed symptoms of the disease. It should be fully realised 
that the quarantine restrictions must be stringent if the reappearance 
in this country of this horrible disease is to bo prevented, for, as men- 
tioned above, a number of cases have occurred in quarantined animals 
in recent years. 


EPIZOOTIC LYMPHANGITIS 

Epizootic lymphangitis is due to a specific yeast-Iifce fungus, 
■Cryptococcus farciminosus, and is characterised by lesions which bear 
.a strong resemblance to those of farcy. The disease is strictly con- 
tagious and is confined to equines. Epizootic lymphangitis, which was 
first described by Rivolta in 1873 in Italy, was introduced into Great 
Britain by army horses after the South African War (1902),- but was 
stamped out by 1907. Since that date the disease has not recurred here. 
Infection occurs by inoculation of the organism through the skin, and 
"though cutaneous injuries such as abrasions favour entry of the organ- 
ism infection can apparently occur through sound skin. Spread from 
•diseased to healthy horses is largely brought about by the indiscrim- 
■inate use of grooming tools and harness, the organism being present in 
the pus from the lesions. Many observers regard flies as being 
important agents in the spread of the disease. The etistcnce of the 
infection is largely maintained by the insidious nature of the malady. 
The period of incubation is as a rule very prolonged, c.g., Perrin* noted 
that in 5 cases the average period was 118 days, and Drouin believes 
that it is never less than three months. It is thus easily understood 
how new centres are established by the sale of apparently healthy, 
but in reality infected, animals. The disease is not as .a rule fattil ; the 
duration in untreated animals is very long. Cases are generally slowly 
progressive, and tend to recur after apparent recovery. The erypro- 
■ coccus is very resistant to destructive agencies, and especially to 
‘Chcmic.al disinfectants. There is reason to believe that discharges in a 
; stable may maintain their a-irulcnce for at least a month, t 

• TroF. Trt. Bidf.. 19 IT, 5. p. ISS. " • • 

f Report, C.V.O.. Ua. of Asric.. 1905. 
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PmentUe Measures. Any animals affected with 
be destroyed ; under Sec. 17 of the 1950 Act, the M of A. has pow^ to 
make an Order for this purpose. Prevention of this disease “Us f 
the exercise of prolonged vigilance owing to the long mcnbation p 
the resistance of the organism to ordinary antiseptics and^ . . 
tendency of the disease to recur. After the destruction of mleaea 
animals a very close watch upon conUcts is necessary. The stud can- 
not be declared free until six months after the infected animals have 
been destroyed. Great care must be exercised in disinfecting grooming 
tools, clothing, etc., before they are re-used. Heat should be tne- 
disinfecting agent used, since the organism is so resistant to disin- 
fectants of a chemical nature. Sponges must not be used, and m 
hospitals it is important to forbid the indiscriminate use of swabs and 
antiseptic fluids ; all such should be discarded after first use. 

Legislation. The disease is controlled by the Epizootic Lymphangitis^ 
Order of 1938. 


^ CATaE PLAGUE : (RINDERPEST) 

Cattle plague, or rinderpest, is an acute febrile disease of ruminants 
'caused by a filterable virus, and characterized by a rapid course and a 
hi^ mortality rate. The chief lesions are found in the intestinal tract. 
The disease is indigenous in certain parts of Asia, and causes con- 
siderable ravages in Africa. It has been responsible for outbreaks in 
this country, but the last occurred in 1877. It was eradicated from the 
United Kingdom by the method of slaughtering out, and should the 
• disease at any time in the future be introduced, the same methods- 
would be adopted. 

Legislation. The disease is controlled by the Cattle Plague Order and 
the Amending Order both of 1938. 


CONTAGIOUS BOVINE PLEURO-PNEUMONIA 

Contagioiis bovine pleuro-pnenmonia (lung plague) is an aeute or 
wb-acute, though frequently somewhat insidious, disease affecting only 
■ “if caused by an exceedingly minute organism which 

^ only be seen under a magnification of about 2,000 diameters. The 
fibST " fcy lung lesions of a peculiar type and by a 

tl^mT thoughthc latter lesions are secondary » 

the pulmonary involvement and may not always be preseni. 
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Pleuro-pneumonia was at one time a very widespread disease both 
throngliout the world and in Great Britain. It was first introduced 
here, it is thought from Holland, about 1840, and its very considerable 
ravages may be gathered from the statement that in 1873 there were 
2,711 outbreaks, involving 8,817 animals ; in 1874, 3,262 outbreaks, 
involving 9,225 animals ; and in 1877, 2,007 outbreaks, involving 6,683 
animals. During the 25 years ending 1894, 103,000 animals died or 
were slaughtered in the British Isles as the result of the disease.* In 
1873 slaughter of diseased animals was first made compulsory, but until 
1888 for certain reasons tittle real progress was made in the extermina- 
tion of the disease. In 1888, however, the principle of compulsory 
slaughter of affected animals and all in-contacts was put into practice, 
the result being that by 1897 the disease had been stamped out of 
country districts and was only present in the east end of London. The 
disease has been non-existent in the British Isles since 1899. 

The method of infection is by inhalation of infected particles con- 
tained in the expired air of diseased subjects, and transmission can 
thus readily take place in animals which are stalled close together. The 
period of incubation is somewhat lengthy and is generally considered 
to be about 6 weeks. A rise of temperature occurs earlier than tlus 
however, and Nocard and Roux placed the period of incubation after 
inhalation at 12 to 16 days. The organism of pleuro-pneumonia 
possesses very little resistance to drying, heat, or chemical action. The 
virus is kept alive in areas where the disease is endemic chiefly bccxiuse 
ft IS harboured and excreted for long periods by apparently tecotered 
animals. 

JPrevenitve Measures, Outbreaks in the British Isles would always 
be dealt with by slaughtering diseased and in-contact animals. 

Zcgislation. The controlling Orders arc the Plcuro-Pncumonia Order 
of 1928 and the Amending Order of 1938. 


^^^^TUBERCULOSIS 

Tuberculosis is a contagious disease of man .and animals, cuased by 
the Mycobacterium tuberculosis. Koch first discowred the micro- 
organism in 1882, although \611cmin, in 1865, liad demonstrated that 
tuberculous tissue from man -and cattle produced the disease m rabbits 
by inoculation. 


• Rcporl. av.o , BJ. el Apit, lEW. 
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^fycohactenum tuberculosis is a slender, usually slightly 
bacillus, from 1 5 to 5 « long by 0 3 to 0 5 « broad It belongs to 
so-called “acid fast’ group of organisms, being covered with a tnm 
^vaxy material, which gues it its acid fast character It is non-raotiie- 
and non sponilatmg The organism is a tissue parasite, and occurs 
singly in the tissues, but m secretions such as milk it often occurs in 
pairs or m bundles, either parallel or placed together at angles IR 
milk, and sometimes m expectorate, the organism when stained takes 
on the stain irregularly and appears “beaded ” This is a most import- 
ant characteristic, and is of a great diagnostic value in the raicroscopio 
examination of milk, and of expectorated matter It is most easily 
stained by the Ziehl-Neelsen method with hot carbol-fuchsin, after 
which the preparation is de-colounscd by acid and counter-stained ^ 
methylene blue m weak solution , the tubercle bacilli show up red 
amongst the blue background of cellular content 

There are three recognised types of tubercle bacilli m warm blooded 
animals, namely, the human, the bovine and the avian These are- 
differentiated by their behaviour on various media and their patho- 
genicity for certain ammals It is important to realise that they cannot 
be differentiated by a microscopic examination alone 

Amongst domestic ammals cattle arc the most commonly affected^ 
but the disease is also met with to a large extent in the pig and in 
poultry The dog, cat horse sheep and goat are all susceptible , it is 
a frequent disease in the camel and to a lesser degree in the buffalo 
Most Wild mammals are susceptible, especially in captivity 

To the student of veterinary hygiene the disease m cattle is by far 
the most important, especially inasmuch as the bovine variety is liable 
to affect human beings In fact this phenomenon is the cause of the- 
widespread public interest taken m the disease to-day and the very 
great importance it has assumed m regard to our milk supply The 
foUowmg points are noteworthy 

(a) That cattle are sasceptible to a natural mrcction with the bovine 
type and to a much lesser extent with the avian 

stram'^ >>y the human or by the bovine 


hut f ^ ”tf«ded with the avian and bovine types 

hut may also naturally contract the disease from htiman strains 

Cfll TT,..* .U- J _ . 


“"ttart tuberculosis either from bovine 
ed by the human type of organism from man 
f e; Farmj ard poultry arc commonly affected with the avian strain 
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Bovine Tuberculosis 

Tuberculosis in cattle is usually of a clironio nature and as a rule 
is slowly progressive. The reason for this is the natural resistance 
shown by cattle against the disease and the fight they can put up 
against its spread in the body. Nevertheless, any adverse condition to 
■which any animal may be subjected, such as change of surroundings, 
sudden changes of weather, turning cattle out in spring after being 
housed all winter, the strain of calving, and so on, are liable to break 
down the natural resistance in the body so that latent lesions of the 
disease may rapidly become acute and death occur in a few weeks if 
the animal is not slaughtered. Tuberculosis is a disease of advancing 
age, its incidence being much lower in calves and yearlings than in 
older cattle. The incidence is also higher in cows than in males, 
chiefly due to the mode of life and the housing of dairy cows in large 
numbers. The percentage of cattle reacting to the tuberculin test 
varies greatly in different areas, being lowest on the small breeding 
farms where few cattle are bouglit in, and highest in large dairy herds, 
especially in the so-called “flying herds.” The overall incidence of 
bovine tuberculosis in Great Britain is difficult to estimate but it is 
probable that the incidence in dairy cows of five years and over is 
about 40 per cent. In young animals, however, even in heavily infected 
herds the incidence is low, and it is probable that of all cattle in Great 
Britain not more than about 17 per cent, arc affected witli the 
disease. 

The disease has been practically eradicated from the United Slates, 
Finland, Norway, Portugal and Denmark. The Channel Islands are 
free of bovine tuberculosis. 

Methods of Dissemination. The period of incubation is very variable 
and uncertain. Months or years may elapse before any recognisable 
clinical signs manifest themselves, but tlie absence of such signs docs 
not mean that infection has not taken place. The most common means 
of spread is probably by direct contact with a dise.ascd animal, and it 
must be realised that an animal showing no dinic.al signs whatever 
can spread infection. 

Inhalation is the commonest means by which the organism enters the 
body, and this is .also suggestc-d by the great frequency of lesions 
occurring in the lungs and/or the bronchial and mediastinal lymphatic 
glands. Tubercle bacilli contained in expired air and in expectorated 
matter, xvhich is frequently abundant in actis'c pulmon.ary cases, arc 
the most rertUe source ofinfcction. Expectorate m.ay also he walloned, 
and thus be the means of infecting the mesenteric gkinds, and even 
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the bowel wall, and thus contanunatmg the faeces Bacilli arc some- 
times voided with the urme, for lesions m the kidnejs of cows are 
very commom and m cases where the uterus is involved, m tte 
vaginal discharge Thus ill ventilated and insanitary cow-sheds readUy 
allow healthy cattle to become infected by their ncighbotirs Soiled hay 
and other foodstufCs may also convey disease, especially where it is 
customary to store fodder in feeding passages m front of the cows or 
e^en anywhere m the cow- shed 

Infection by mgestion is, however, much less frequent thou^ the 
feedmg of calves m mdk from cows with tuberculosis of the udder 
may have senous results, thus it is particularly important that great 
care should be exercised m the choice of “nurse" cows for rearing 
calves Primary infection of the udder or uterus may occur through 
the use of contaminated instruments m minor operations such as udder 
injections and uterine irrigations The need for very careful sterilis- 
ation of such instruments cannot be over-emphasied 


Viability, The resistance of the tubercle bacilli is very high, and on 
knowledge of this must rest methods of disinfection of premises 
According to Hutyra and Marek, m dry sputum protected from liglt^ 
they may remain infective for 126 days Decomposition affects their 
vitality but little, thus decomposing sputum harbours tubercle bacilb 
for SIX weeks, and decomposed cattle dung for 167 days ♦ Desiccauon 
alone is thus not a destructive agency Experiments carried out by 
Williams and Hoy shossed that under ordinary conditions the bacillus 
may remain alive and virulent in cows’ faeces exposed on pasture land 
for at least five months in winter, two months during spring and 
four months dunng autumn In summer no living organisms were 
demonstrated after two months When protected from direct sunlight 
the surviving period may be four months during summer In autumn 
faeces protected from earth worms showed the presence of baedb after 
jx months The same workers also showed that virulent tubercle 
might be found after twelve months’ storage in naturaUy 
It was aU ^ j years in artificially infected faeces 

stoTedhinH ^‘ght still be found m 

SimlZ tut a gradual 

dimmutionoftheir virulence was taking place + Work earned out by 

utyra and Specif Path and Therap of the Diseases of the DomsS^e 

1 Williams n«; »38,VoL l.p 56i 

(Bovmus) on Pasture'linti ^ Viability of Bacillus TobcrcolosS 

VoL XXX. ™ Stored Faeces and in Liqmd Manure / 
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. author’s words, “that in pasture 

Maddock* seems to prove to n 

which has -been previously naW^y ^ ^,5 expected 

with the infecting animals is p > ^j^refore appears that the 

to escape infection from thi • pasture manured with farm- 

danger of infection '’^^SP'^^^jj^ualBiethodofspread of the disease 

yardmanureisremote. The 

is undoubtedly by inhalation. ^ee under the Attested Herds 

This seems to be home ou P be grazed on land pre- 

•Scheme, for it is usual to aUo been kept vacant 

wiously ofiiocedure has not shown that any 

for one month. The resm this cause, 

infection has taken place inth 

.. 1 nnv way with the menace to 
ZcglsJathn. The first attempt to deaUhj^y^^ , the 

huLn health from Commission on Tuberculosis (1898), 

Tesult of the Report of the Royal ^ Milk Shops Order of 

and was embodied in the Dames, Clow sn ^ 

1899, which amended the origin from a cot 

irdi power was given to ,vas certified by a vetermary 

with “such disease ,,, the oftoal 

tsurgeon to be tubercular. p ..jon in our milk legislation. 

Tecognition of the vetermary Pt largely a 

the exception of this Order w^ch the p 0 - 

further efforts were made to oea discussed, but tne pr 

when the introduction of further c , illation giving P“^ ‘ 

T,osed order was never enarted the « ^ Sns 

•Sr -TSsrs!-™ « “irs «- 

bowne tuberculous, bm its scop^«“ TteOrferrequh^ 

Iim:rsW-^ and allowed a gradu- 

.Order, which, however, ^ 

a result of the War. .J^'Xnd Rowing defuu.e chn'^J. D™f^,il 
suffering from a 0 non' j.^bcr was done to cori o ahieh 

of tuberculosis, “^/^"irics (Amendment) 

the passing of the Mdk and m of Certmeu 

gave power to grant ' l„rcci!,ity 

-Maddock. E- C. O- i" ' 

bovine tuberdo bacdli. dod'am” 

5M.401. 
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Grade “A” CTuberculm Tested) Milk under the Milk 
nations) Order 1923, later amended to that of 1934 and 1936 
addition, this Act made it an offence to “expose for sale the milK o 
any cov/ suffermg from tuberculosis of the udder,” but no pov er 
given to slau^cr such an animal nor to insist on its removal from ^ 
herd. Certain cities had before this date brought m local Acts ot 
Parliament to prohibit the use of milk from animals so affected and to 
compel their removal from their areas The milk and Dairies (Con- 
solidation) Act, 1915, v/hich was postponed owing to the War and om> 
operated from 1st September, 1925. made it an offence “to sell the 
milk from any cow which has given tuberculous milk or is suffenng 
from emaciation due to tuberculosis or from tuberculosis of the udder 


(This is now embodied m the Food and Drugs Act, 1938) 

At the time that this Act came into force the Tuberculosis Order 
of 1925 was instituted The Order, which like its predecessors was 
purely a public health measure, made it obligatory for local authorities^ 
to cause to be slaughtered any cow or heifer which was suffenng front 
tuberculosis of the udder or giving tuberculous milk or any bovine- 
which was suffering from tuberculous emaciation or from a chrCmie 
cou^ and showing definite clinical signs of tuberculosis, and it was an 
offence for any owner not to report any such animal m his possession 
The Tuberculosis Order of 1925 was later replaced by the Tuber- 
culosis Order of 1938 The new Order was essentially the same as its 
predecessor but was altered chiefly owing to the Ministry of Agri* 
culture having taken over the purely vetermary duties from local 
authontics Power to slaughter affected cattle was transferred to 
the Ministry and the compensation to owners for slaughtered cattle is 
now paid by the State instead of by the local authority As m the 
earlier Order, a scale of compensation is paid to the owners, dependent 
on the market value of the animal at the time of slaughter (which value 
must be agreed on first) and the extent of the disease as disclosed by 


a post mortem examination Under the Tuberculosis (Amendment) 
Order of 1946 any bovine animal which is excreting or discharging 
tuberculous material is also regarded as an affected animal 

Any veterinary surgeon who m the course of his practice is cm 
ployed to «Mmme any bovme animal and who is of the opinion that it 
IS an affected animal for the purposes of the Order must report the- 
constable or to a Veterinary Officer of the Ministry 
t. suspected animal must report 

mrs^h mroTrS^^^ 

Puerto the 

for an erammaUon of the suspected animal Should the animal m *= 
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opinion of the Veterinaty S^dtiifyLinary 

ation must he agreed upo Should agreement not he reached, 

Officer as representing the Mmi ry. valuation form is 

provision exists for calling ^ ^ as practicable, mere 

signed the slaughter is f^itinc within the scope of the Order are 

cattle wliich are suspected of “ ™ ^ dairy cattle, the Veterinary 

detected on routine chnical exam for the 

Officer deals with the case m disinfection of 

Veterinary Officer to insist on a th g ^ 5 uah dism- 

hox occupied hy X^o^irauthority who may supervise 

fection notice must he sent to 

the disinfection hy one of 't^ o®oemj^ by some on the 

The Tuberculosis Order has disease are report , 

grounds that only animals « the ^ ^y^,am of routine 

hut, while this may be true, in y instituted the Order ■ 

cUnical examination of c°ws te ^ oHnical stage of ‘he f eas^ 

been of value. Kumerous oow* samples of mdh from 

are detected by tW^ w^'otS' md by^ ^ microscopic o“™naMn manj^ 
any suspicious or '‘f’t'°tma microscopic exami „ 

positive results can be t^ging many cases of pffi^ 

expectorate is also 't^trum cannot be *“2" ^ . foe 

disease to light. « may be sVon^P-«^^;,^ 

clinical examination al » ^ jj-g of one or more acid ^ 

only certain method is the of a hiologica test Th 

at mieroscopie o^“™r“r’out,sL described by Torrance and offi . 

finding of the so-called cell ^oups as^^^,^_ they must not 

years is shown in the Diseases of Animals Acts . 

Reports of Proceedings under the u slaughtered 

1944 


Cattle slaughtered 

«38 - i ,;686 

15,501 
14,212 

13,480 
14,360 


1939 

1940 

1941 

1942 

1943 


1945 

1946 

1947 

1948 


9.633 

8,266 

6.545 

6.320 


•" ,.i.. -.IT 
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encouraged to cull unhealthy and unthrifty animals and many suA 
animals affected with tuberculosis in a sub-clinical fornt were culled 
before developing clinical symptoms of the disease. This is the most 
probable explanation of the progressive and very substantial reduction 
of emaciation cases dealt with under the Order. 

On the other hand, the decline in the number of cattle slaughtered 
has been most marked in, districts in which the Tuberculosis (Attested 
Herds) Scheme has made good progress, and it is safe to say that in 
those districts there has been a reduction of the incidence of tuber- 
•cuiosis." 

Milk legislation. As already mentioned the Milk and Dairies (Con- 
solidation) Act, 1915 which came into operation in 1925 made it an 
offence to fell milk from any cow “which has given tuberculous milk 
or is suffering from emaciation due to tuberculosis or from tuber- 
■culosis of tbe udder.” This Act has now been superseded by the Food 
^nd Drugs Act, 1938, which contains a clause similar to the above. 

Tuberculin Tested Milk, that is milk from cows which have passed 
the ^berculin test, was first officially recognised in 1923 when tbe 
first licences were granted, under the Milk (Special Designation) 
Order, 1923, for the production of Certified and Grade A (Tuberculin 
Tested) Milk the fojmer being bottled on the farm and the latter sent 
off the farm in bulk. Under the Milk (Special Designations) (Raw 
Milk) Regulations 1949, licences authorising the use of the designation 
Tuberculin Tested Milk are now granted, these regulations havins 
replaced all the earlier Milk Special Designations Orders. After Ist 
-October, 1957 the special designation “Tuberculin Tested” will only 
be allowed in respect of milk from a herd which is on the Register of 
Attested Herds and after 30th September, 1954 new licences to use 
that designation will only be issued where the herd is already registered 
■as an Attested Herd. 


Era^cation. The earliest schemes aiming at eradication are associated 
with the names of Bang and Ostertag. Bang’s method consists in the 
destruction of all cUmcaUy affected cattle and the separation of reactors 
from non-reartors. as revealed by the use of the tuberculin test. The 
Of >miWmgs and pastures wi* 

a?dTnrf- T I 'n'««<4ingherdisfreqnentlyexam;ned, 

ftom dltroyed. Calves 

Tuberculin test' which has been properly pasteurised- 

latter whin ^ "m the young stock after weaning. Any of the 

Jattcrwluehreaatoth=testn.nstb=atoneedisposed2 iSmethod 



413 - 


XHB CONTROL OF DISEASE 

to b» very in — . 

provided reasonable care IS exCTCis , jemoval of all clinically 

in a few years. test 

affected cows, and only ntdised the t 

The calves were fed on milk sterdizeU at 85 ^^rtunity, and 

the removal of ^ o? the herd for 

recommended periodical tes i g effective as the removal 

tubercle bacilli. This method ^ tuberculosU from the herd, 

of “open” cases alone can never Canada the use of tuberculin. 

In the United States of formation of “accredited" 

and the slaughter of reactors, alongwitht 

or tubercle-free herds, and so reduced the 

from large areas, known as rapidly reaching 

incidence of bovine tuberculosi problem is much 

vanishing point. Unfortuna e y official steps were 

more complicated and it was f ‘“fX^od Hards Scheme was first 

taken towards Milk (Special Designations) Order , 

instituted. Previous to this the Mine fop but it had 

as already stated, had not Lrds could be freed from 

been sho^ that in this test with the isolation and 

tuberculosis by means of the u put 

ultimate removal of all /^emises where infected cattl^e 

strict and thorough <=tiM of pre *“’’"f“'°u'\Ses 

been kept. Probably the step t^, i„ Ayrshire auspices 

group of farms in this cou^ of the Attes 

Of the Medical Research ’ venture. 

Scheme it is interesting to descr j ,i„„s 

In mis case Ihe -P" 'Tge'^t An 

and with no further induce tearing and ma”“^ selected for the experi- 

ing and free advice as cuntry of Ayr WM 

area of about nine square miles 1 '’’““. .yhe commencement it was 

ment. This area “"“'"y^^L^lTdroppciJ o"'- ^wnd of three yeam 

to participate and two othc _t^adv tubercle free. substantial 


:nt. This area dropped out. At the 

to participate and two o*c ^ifcady tubercle free. ^ substantial 

found that two of the 2S are « ^J^n^the eradication 

out of the 30 herds Pt',m'''’“.,!VL,ion at the final test. Th b replace- 

progress, 20 being free from f,„re "“"""“‘i uv nvfwrs in the eradication 

measures was the isolation o j invohxid y . It was 

meat of the infected by ft- ,bc ha« .acc=l«'rd 

w-M smaU and ™?_™™r^"rer isolation accommodation 


was smaU and was " isoiauu. 

felt that the provision of Ktic National 

progress in several herds. ,hn Scottish Fmn-* contained 

In 1929 a scheme was fotm Research Coonril 

Veterinaty Medical Associatio Tubcreuloiis. Medical 

* Jordan, L., The EradicaUon ,933, p. 14. 
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many auggesfons .ncorpontcd m the 

of present-day legislation it is interesting to describe the Scheme as 
The pronamers pomlcd out Ihat .1 ahonld AgrS.ltu.T 

trolled by the Government and they suggested that the Minuter » . 

‘Tpiencs should be the Central Department -ntey stated hat 
recognises the progress svhich has been made m J elsesshcrc by the 

-culm and the slaughter of the ammaU,and aUo m D-nmark In sacw 

method of dealing \siih the disease associated with the name of Bang 
of the probable percentage of reactors m British herds, it appears 
to apply the American plan immediately m any widespread campaign ^ 

The Branch has considered carefully the best means asaiiablc for 
problem of tuberculosis eradication, and believe a combination oMbeAr^ 
and the Bang methods is best suited to the needs of this country 1 ne 
of the scheme was that certain selected herds should be freed from the . 

voluntary basis to act as a nucleus for tubcrcIe-frec stock. The types oi 
suggested for a commencement are — (o) Herds in which the incidence of tu ' 
-tnilosis IS believed to be low ; (<») self-supporting herds , (e) pedigree and t^* 
recorded herds, and (rf) herds so situated as to facilitate the formation of ” ^ j 
-dited Areas ” When reactors were numerous they suggested that prosision shoe 
be made for their isolation, but when few m number they considered 
should be slaughtered and compensation paid to their owners The 
■were to be classed as ‘ Accredit^,*’ and when a sufTicieni number of 
formed in any one distnct, it was suggested that those farmers who did not agree 
enter the scheme willingly should be compelled to do so in order that the “Accre- 
dited Area” might be completed The Government were asked to set aside 
of money annually for the purpose of the scheme, which would be used for (fl) Ih 
cost of testing , (6) compensation for reactors , (e) the cost of disinfccton of pf®* 
mises , and (d) provision of, or alternatively, loans towards the provision of tie*®* 
■ssary temporary buildings for the isolation of reactors Finally, when large numbers 
of “Aocrcdilcd Areas” were formed, the Government would have to insist on ai 
herd owners in infected areas coming under the scheme An important 
in this scheme was the fact that it was thought that it could be worked on a small 
Of a large scale as desired, depending upon the amount of money available, fof 
-only those herds would have been dealt with in any one year for which the grant 
of money would be ample and sufficient 

Tuberculosis (Attested Herds) Scheme — Oa the 2nd November, 
1932, a committee ot the Economic Advisory Council was appointed 
with the followmg terms of reference — ^“To consider what practical 
measures can be taken to secure an eradication of disease among tndeh 
cattle m this country, and to report upon any changes desimble in the 
esistmg admimstrative practice, and, m particular, upon the value 
and practicability of methods for reducing the incidence of bovine 
tnbcTculosis and improving the milk supplj ” 

FoUowmg on the work of this committee, the Ministry of Agn- 
cu tore and Fisheries on 1st February. 1935, brought m the Tuber- 
culosis (Attested Herds) Scheme which applied to England and Wales 
' ’■1’ f'”’ Scotland by the Department of 

Agncnlture for Scotland These schemes make an histone fandma* 
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the pohoy of the «ent — 
tuberculosis. The famer a M.lfc Marketing 

bonus of Id. per gallon tor a criticised 

Board-but the conditions ^ by the average fanner and 

ns being beyond the grow sufficiently to warrant 

the number of Attested Certi c. scheme was amended and 

the original schemes. In 193 , „itefed so as to overcome many 
that for England and Wales was • Again, as the result 

of the difficulties of the fonner sch ^be Mmister 

•of the passing of the Agriculture Am of 1937 ter 

.of AgrLlture power to expend "oh pn^^^ ^^^^.^^ble that a 

thinks fit for the purpose of “ew^^ following the setting np 
herd will be free from schemes were amalgamated from 

the State Veterinary Service, boA sctem 

1st April and amended ^Jbeme were prepared to 

The Government, under the ^^^tle in Great ^ 

testing with tuberculm of any the sclmme, ‘ 

accordance with the con 1 1 .g te of attestation in 

teactor was found to issue a ^Aheat of Attested Herds and 

ffierd. The herd was then placed on the Kg 

known as an attested herd. j^ttested herds incr 

During the next two VJ”/ ^"table 
•considerably as shown m 


NUMBER OF attested HEROS 


1935 

1936 

1937 

1938 

1939 

1940 


England 

37 

83 

418 

1,189 

3,310 

3,820 


Wales 

18 

109 

395 

2,340 

7,923 

9,289 


Scotland 

44 

222 

638 

1,115 

2,641 

3,185 


Gt. Britain 
99 
414 
1,451 
4,644 
13,874 
16,294 


1940 3,820 - for attestation were 

M ,» SS;, 

constantuntil 1944. Id that jem t'^ of quahfl.ng 

without fmancal ass.stanc 

■* The power to mate them ,hcn by the .^'T^’cCVaSO. Tba cjnwm 

Previsions) (No. 2) A«. of A""", order, by three stK- 

now been wtth ^Tr'» 

po\\xrs extend i 

ccssiw periods of fi'-'c > 
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musses., on. .ncorpomlod m ‘'>7'^' 
of present-day kgisbtion it is interesting to describe the Scheme ^ 

The promoters pointed out that , I should 

trolled by the Government and they suggested that the °L~^Branch 

ind Fisheries should be the Central Department, They stated that 

Tccosnises the progress v-hich has been made in North Amenea by 
-culm and the slaughter of the animals, and also in Denmark ^^nd else . 
method of dealing vsith the disease associated with the name of 
of the probable percentage of reactors m Bntish herds, it „„.iry 

to apply the American plan immediately m any widespread campaign m l 
The Branch has considered carefully the best means available for 
problem of tuberculosa eradication, and bdicve a combination ^ 

and the Bang methods a best suited to the needs of this country ™ 
of the scheme v-ns that certain selected herds should be freed from the ^ 

voluntary basa to act as a nucleus for tubercIc-frce stock The types ot 
-suggested for a commencement are — (o) Herds m which the incidence of u 
-culosa a believed to be low , (ft) self supporting herds , (c) pedigree 
recorded herds, and (rf) herds so situated as to facilitate the formation of A 
-dited Areas ” When reactors were numerous they suggested that provision 
be made for their isolation, but when few in number they considered * . 
should be slaughtered and compensation paid to their owners The free her 
were to be classed as ‘Aocrcdited.” and when a sufficient number of such wef 
formed m any one dainct, it was suggested that those farmers who did not 
enter the scheme willingly should be compelled to do so m order that the ‘ Aoci^ 
dited Area"’ might be completed The Government were asked to set aside ® 
of money annually for the purpose of the scheme, which would be used for W * 
cost of testing , (ft) compensation for reactors , (c) the cost of dismfecton of pt*“ 
mises , and (</) provision of, or alternatively, loans towards the provision 
■ssary temporary buildings for the isolation of reactors Finally, when large number 
of “Accredited Areas” were formed, the Government would have to insist oo a 
herd owners in infected areas coming under the scheme An important 
m this scheme was the fact that it was tbou^t that jt could be worked on a strw 
or a large scale as desired, depending upon the amount of money available, fof 
only those herds would have been dealt with m any one year for which the grant 
of money would be ample and suffiaent 


Tuberculosis (Attested Herds) Scheme — On the 2nd November 
1932, a committee of the Econonuc Advisory Council was app®*®^^ 
■with the following terms of reference —“To consider what practical 
Tueasures can he taken to secure an eradication of disease among milch 
cattle in this country, and to report upon any changes desirable in the 
existing administrative practice, and, m particular, upon the vala® 
and practicability of methods for reducing the incidence of boviu® 
tuberculosis and improving the milk supply ” 

FoUowmg on the work of this committee, the Ministry of Agn* 
cu ture and Fisheries on Ut February, 1935, brought m the Tuber- 
cul^is (Attested Herds) Scheme -which applied to England and Wales 
and a similar scheme was set up for Scotland by the Department of 
Agnculture for Scotland These schemes make an histone landmafl^ 
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^ the policy ortho Govon.™e«^^ 

tuberculosis. The farmer “irrough a M.lk Marketmg 

bonus of Id. per gallon lor a ^veremuch criticised 

Board-but the conditions ^ by the average fanner and 

as being beyond the not grovv sufficiently to warrant 

the number of Attested Certffic scheme was amended and 

the original sehemes. In 1936, t overcome many 

that for England and Wales 'vas ^o f.“ 1937 . Again, as the result 
of the difficulties of the former sch ^be Minister 

■of the passing of the Agriculture W 1937^ 

•of Agriculture power to far as is practicable that a 

thinks fit for the purpose o ^ followmg the 

herd will be free from chemes were amalgamated from 

the State Veterinary Service, bo hsetem 

1st April and amended were prepared to undertakethe 

■ The Government, under the sch^^^.^^ Britain m 

■testing with tuberculin of any in the scheme, ^e 

accordance with the con 1 of J” tcTnMds and 

reactor was found to issu Register of Atteste 

Tierd. The herd was then placed on iacreased 

hnown as an attested *3'' ' ^be number of attested her 
During the next ^ be following table 

■considerably as shown in the 101 


HERDS AT END OF YEAR 

NOMOER OF attested herds 


1935 

1936 

1937 

1938 

1939 

1940 


England 

37 

83 

418 

1,189 

3,310 

3,820 


Wales 

18 

109 

395 

2,340 

7,923 

9,289 


Scotland 

44 

222 

638 

1,115 

2,641 

3,185 


Gt. Britain 
99 
414 
1,451 
4.644 
13,874 
16,294 


’ onolications for attestation were 
u nk of war however appl^^ „r Tuberculin 

At the outbreak holding a he scheme remained fairly 

accepted number Jlb^scheme was reopened to all herds 

Tested milk and til j„ that year ® cf qualifying tests and 

constant nntil 1944. _ towards xno 

■without financial assi , ter extended by the AEriculture (Mim. 

itS’eSS eslend fwlber. by eider, by Ibmc me- 
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without bonus payments 

During the next six years 

further expansion 

took place 

— 





Number of Attoied Herds at cot of 

Year 


England 

Walc> 

Scotland 

Gt Britain 

1944 

4,397 

8 441 

4,138 

16,976 

1945 

5,272 

9.147 

5,617 

20 036 

1946 

7,106 

10,271 

7,978 

25,355 

1947 

9,445 

11,099 

9,892 

30,436 

1948 

13,358 

12,395 

11,143 

36,896 

1949 

18,838 

13,818 

12,233 

44 889 

1950 

25,814 

15,543 

13,688 

55,045 

By the 

end of 1950 the proportion of attested cattle to total cattlo 

m Great Britain was 23 per cent 

A new Attested Herds Scheme 


came into operation on 1st October, 1950 

In order to qualify directly for the scheme it is necessary for thfr 
owner of the herd to produce veterinary certificates of two completely 
clean tests of all cattle comprising the herd carried out at intervals of 
not less than 60 days and not more than 12 months bclw ecn these tests,u 
He must, moreover, satisfy the Ministry that the management of the 
herd and the conditions under which it is kept are suitable and he 
must also undertake to comply with the conditions and rules of the- 
scheme If all is satisfactory the herd then becomes a Supervised Herd 
and an official test will be carried out not less than 60 days after the 
second of the two qualifying tests If no reactor is disclosed at the- 
official test then the herd is placed on the Register of Attested Herds 
If any reactor is found at this test, it must be removed immediately and 
the premises disinfected , a second test will be applied to the herd 
after a further 60 days and if there arc no further reactors the herd 
is admitted to the Register So long as there are reactors, however, the 
process must be repeated until a clean test is obtained, the herd re- 
mammg Supervised throughout this period All such official tests are- 
carried out free of charge to the owner Whenever reactors appear 
the premises must be disinfected in the approved manner Subsequent 
tests m attested herds are applied periodically at the discretion of 
the Ministry The compulsory testing of goats and swine at the oivner’s 
expense may be asked for by the Ministry, together with the segregation 
of these animals when considered necessary 

In order to encourage participation m the scheme a bonus, paid 
either on the milk produced or on the number of animals m the herd, 
is payable for the first six years ^er entry 
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from an attested herd it-mnsfhe .solated and tested hy 

1950, should be consulted. ,.,t,»rrii1in test is the test now 

The single intradermal comparative tuberculin test 

employed for all official tests. 

i.™ ... *»;* “•«' ■«’ “ ” “ 

“LS w”" f, 

SS.7b™»S. 

that disease ; and -.nvement of cattle into, out of or 

(c) prohibiting or Jtime being an eradicating area or 

within any area which is tor me . 

an attested area. inny Order, 1950, which came into 

The Tuberculosis (Area Era i Act. 

operation on 1st January, 19 . Great Britain, one in ■ • 

On 1st October, 1952, be declared eradicatmn 

Scotland and the other m „ in those areas which are 

areas and compulsory testing o j^^i^n together With , .^j. 

already attested will “been^made for the compulsory sla g 

restrictions. Orders have also .aspect of “<=>1 ” 
of reactors and payment of co ^ j^ing facilities are aval 
slaughtered. In the t areas which hold out good 

these areas and will also be ^ jj^eas at an early a . 

prospects of being declared er ji^ble in a recistered 

. free-testing facilities will not ^„„ge of herds registered 

there is already in that area a„cffv(l and 

under the Attested Herds S" ^.^tion area have ^cen tested and 
When all the cattle m w^! 

the reactors slaughtered an „ exists in that “tea. 

for all practical purposes, no ^ ^„„a,ti^ vdl ^ 

be declared an attested area. movement wil 

similar to those in eradication areas in the Di««« 

• This section of the -^sdeeher^^^^ 
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mtttedbetwccnprcmiscs Within the area The first areas to be declared 
attested areas are the county of Zetland, the Isles of SciUy and the 
islands of Arran and Great and Little Cumbrae in the county of Bute 


FOWL PEST 


The form of fowl pest known as New castle disease w as first recorded 
in Great Britain by Doyle* in 1927 

A second outbreak was seen on a single large farm in Hertfordshire 
m 1933 but was eradicated by means of slaughter The disease appeared 
again in 1947, since which date many serious outbreaks have occurred 
Elsewhere the disease has been recorded m many countries and is 
widespread on the continent of Europe 

Primary outbreaks m this country hate undoubtedly originated 
from the feeding of unstenlized swill containing offal and trimmings 
from poultry carcases imported from abroad f 

The classical form of Newcastle disease is an acute highly virulent 
disease in which s>mptoms of dullness, loss of appetite, diminished 
egg production, respiratory distress with a pronounced *‘gurgle,” 
distended crop, yellowish green diarrhoea and cyanosis of the comb 
and rattles are generally followed by death fairly rapidly Birds 
which survive for some days often develop ner\ ous symptoms, tttmors, 
paralysis of the limbs or torticollis 

More recently a milder type of the disease has been observed m 
which the symptoms are less distinctive and the mortality is only 
slight. This form, however, is still highly mfecUous and causes con- 
siderable loss m egg production 


Control Under the Fowl Pest Order of 1936, as amended by the Fowl 
Pest (Amendment) Order of 1947, suspected cases of the disease must 
siielT*'” ^ J”™”’ '’y •'*' 'otermary surgeon encountering 

, I The police constable transmits the 

pn^ioal nilST f ** confirmed, the following are the 

pnittipal rules which come into operation — 

No «r<ls°e“lS' T 

m grease may be moved without licence 
" mtes utensils, food bags, 

All droppings, btter and waste food must be disinfected before 


te T M (1927) 

T See Boiling of Animal Food 


. / CempPath 40, 144 

Foodstu^ Order of 1947, page 422. 
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being removed from any building, yard, or other place in which 
affected birds are housed or have recently been kept. 

No one except an Inspector of the Ministry or of the Local Autho- 
rity or the attendant is permitted to enter or leave the infected 
place, and they must wear suitable overalls and boots which 
must be cleansed and disinfected before leaving. 

The Order gives the Minister power to slaughter any affected or 
suspected birds and any others which have been in contact or have 
been in any way exposd to infection. Compensation is payable for 
all xmaffected birds slaughtered. . a- j 

All utensils, appliances, vehicles and premises with which affected 
or suspected birds have been in contact must be disinfected with a 
4 per cent, solution of sodium carbonate (washing soda) in water 
(approximately 6^ ozs. per gallon). 

There is also provision allowing tlie Ministry, in the event of the 
owner failing to carry out proper disinfection, to cause it to be done 
and to recover the expenses from the owner. ^ 

Restriction of movement of live poultry exposed to infection may be 
enforced by an inspector of the Ministry or of a local authority who 

suspects the presence of the disease. . j • „ wnrs 

In the severe outbreaks whieh have occurred during recent yeius 

it has been necessary for the Ministry from 
standstill orders «stri«ing the m^ 

areas where ^ t^t'the movement of birds from 

^hows has been responsible for many 

outbreaks of fowl pest. ^nnlies to the disease known as fowl 

The Fowl Newcastle disease. Fowl plague has not been 

Sertraliy extent in Great Britain but causes serious losses in 
Egypt, Palestine and India. 

COR THE PREVENTION OF THE INTRO- 
RI^OULATIONS ^FOR Creat BRITAIN* 

j JI5 far as possible the introduction of disease 
In order to pr has been made placing restrictions on 

into Great Britain . ‘ poultry, carcases, hay and straw, and 

the Iniportation ^0 

therapeutic su ® o/fer Ruminants and Sieine. The Diseases 
Cattle, Sheep, which consolidates previous Acts, prohibits 

of Animals in Great Britain of any cattle, sheep, goats 

absolutely the n 
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Other niminants or swine brought from any country abroad with the 
following exceptions — 

(a) Animals from Northern Ireland, Eire, the Channel Islands and 
the Isle of Man Landing of these is permitted under certain con- 
ditions which include, in general, veterinary examination at the port 
of shipment and at the approved landing place and, unless they are 
intended for immediate slaughter, they must be detamed at the place 
of destination for six days in the case of cattle, sheep and goats, and 
for twenty-seven days m the case of swine (The Animals (Landing 
from Ireland, Channel Islands and the Isle of Man) Order of 1933 ) 

(b) Fat Stock for slaughter at the port of landing from countries 
not scheduled as “prohibited countries” The only countries not “pro- 
hibited” are Canada, Australia, New Zealand, United States (swine are 
prohibited) and the Faroe Islands Landing must be at an authorised 
Imported Animals Wharf used for no other purpose (The Animals 
(Importation) Order of 1930) 

(c) Cattle bom and reared m the Dominion of Canada, subject to 
velennary inspection before shipment and on arrival, certification of 
freedom from cattle-plague, pleuro-pneumonia, foot-and-mouth disease 
and mange at time of shipment, and detention for six days at their 
destination (Diseases of Animals Act, 1950, and Importation of 
Canadian Cattle Order of 1933) 

(d) Registered pedigree cattle, sheep, goats or swine from any of 
the Dommions subject to vetennary examination before shipment and 
on landing and quarantine for a specified period on amval m this 
coimtry 

(e) Animals intended for exhibition or other exceptional purposes 
Importations under this provision arc mostly zoological specimens for 
permanent detention in zoological gardens 


Under the Importation of Horses, ASs 
not bef Britain) Order of 1938 any horse, ass or mule m 

Td the We o’r T U»'Birm Ireland. Eire, the Channel Man 

and the Isle of Man, unless accomoao.^d t.„ . .r „ ,.,ih 


and the TsW ^ , nrortnem Ireland. Eire, the Channt- ^ 

med vetin^L m T by a certificate of an auth 

f Government of the country of on, 
ulceratite Ivmoti E^^nders, epizootic lytnphangii 

mange P”"- “rcoptie Tpsorop 

erccph’alo msehtis"tr'.°h"’ ^''“Eles. infectious equine anaemia 

With mfecuous equine ana’ema r™'"’ 
oicephalomjehtis dunne '' 


Olcephalom)eht,r<^unne t'r^ or w 

^oroughS hmef ‘""■0-c.ght days 

»p l*>*poiues, performing antmuU and aniff 
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intended for exportation within fourteen days are exempt from the 
mallcin test as are animals from Iceland or the Faroe Islands. 

Dogs and Cats. The landing in Great Britain of any dog or cat or 
other canine or feline animal is prohibited except with a Ucence from 
the Ministry requiring six months quarantine at an approved 
No such licence is required in the case of animals from Northern 
Ireland, Eire, the Channel Islands and the Isle of Man. ^y dog or 
eat which is not from one of these exempted places an or w c a 
licenee has not been obtained, cannot be lande im mus 
loclced up in a place from which it cannot escape (on t’'® 
altemati^y, in the case of a dog.-it must be mulled ^d kept tied 
up on the ship. (Importation of Dogs and Cats Order of 1928). 

Carcases. There is an embargo on the ®P°^f 

from the continent of Europe. Iceland, No^hern Mand E^e.^tte 

Channel Islands, and the Isle of Man ^ Lendments 

Carcases (Prohibition) Order of 1926 and ""fty 

should be consulted for details of various animal products covered y 

and exempted from this embargo. 

Poultry and Batching Eggs. Under 

amportation) Order of 1947. no live irom 

be imported into Great Britain withou Man. 

Eire, Northern Ireland^ the Channe an where fowl pest 

The importation of poultry carcas^ -d^J the Poultry 

is known to occur is also subject to 
Carcases (Importation) Order of 

Order of 1932 is designed to Pt®'^®”* * ^ (.rure of bags for animal 

meat for other purposes, such - the spread of ' 

feeding-stuffs or for . jmooifecl^Wat be from affected 

foot-and-mouth disease shoul countries are exempted from the 

animals. Meat wrappers from yjej are defined in the 

Order. The type of cithL unsuitable for subsequent 

Order ; they are materials which ar 
use in fte manufacture of bags or are of a 
recognised should an attempt be made so 

Bay and Straw. There are packi^ m^rials OT as 

straw in Great Britain except ,,ndcr Ministry licence, Certain 

fodder or litter for animals impo 
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countries are exempted. (Foreign Hay and Straw Order of 1912) 
Hay and straw used for packing purposes must not subsequently be 
brou^t into contact \sith animals. (Foot-and-Moulh Disease (Pack- 
ing Materials) Orders of 1925 and 1926.) 

Therapeutic Substances. The Diseases of Animals (Importation of 
Therapeutic Substances) Order of 1936 prohibits the importation into 
Great Britain of vaccines and sera intended for veterinary' purposes 
unless the bottles are labelled so as to show the exact nature of the 
contents and the place and country of preparation. The importation of 
contagious abortion vaccine is prohibited except under licence and 
licences are only issued for dead yaccine. 


SOME FURTHER REGULATIONS TO CONTROL THE SPREAD 
OF DISEASE IN GREAT BRITAIN 


Boiling of Animal Foodstuffs. Under the Diseases of Animals 
(Boiling of Animal Foodstuffs) Order of 1947 all meat, bones, etc., all 
and all waste foodstuffs which have been in contact with meat or 
bones must be boiled for at least one hour before being fed to animals 
or pouUr>'. The Order is designed to prevent the spread of foot-and- 
mouth disease, sv^ine fever and fowl pest. 


Martrtj, and Lain Ordm of 1925, 1926 and 1927. These 

Orders ri^uirc that as soon as possible after use all premises tiscd for 
^ es s cleansed and disinfected m the approved manner. If 

„r'.f r ions lo water there must be an interral 

hi »>“t ttis mlo may- 

sheep ^ ™ «rtam cases, e.g. seasonal sales of cattle and 


cndl937^^°-^a’a\In^- (pisinfeaioa) Orders of 1936 

for poidtW at m '^'^“^ontion of all pens and fittings used 

of Orders. A 4 per cent, 

pniposc and th^av'r''^-’* ^“'nfccting agent to he used for the 
after use. Under ai ornned out as soon as possible 

pigeons ate exemptei™'" trenptacles used for racing 

Ordrrofl937. TOs Order enables 
nhich arc in an ohtions '^“ses for sale poultry 

defining or diagnosing the nat' ‘“"'ifolth without the necessity for 
ntay be suficiS^ ® nature-of the disease from which the birds 
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The Warble Fly (Dressing of Cattle) Order of 1948. This Order 
supersedes an earlier Order which was suspended dming the war yrars 
and requires that all cattle visibly infected with warble fly ^88" 
to be tLted with a prescribed derris “t "1“ 

than thirty-two days ddring the period from the Mteenth of March to 
the thirtieth of June. The Order is designed to reduce « = oranderabl 
loss of leather resulting from the damage caused by warble fly maggo . 

NON-NOTHTABLE DISEASES 
Correct hygiene oa" nodfilble^Me'^of considerable 

diseases of animaU ^ ^ 

economic importance. In general m p -ri-ciiitions will be on a 

to isolation, cleansing, disinfection^ beginning of this section 

basis of the general principles outl knowledge of the virulence,' 

and will only vary in accordance with our ^owledge oi r 

“worn" 

particular problems are briefly referred to below. 

bovine contagious ABORTION 

The cause of bovine contagious Other 

the names of Bang’s disease an w cattle, notably Vibrio 

bacteria are sometimes associated ™th aSon ,„i,erc,dosis. strepto- 
foeliis, Corynebacterium moulds. Abortion in cattle 

cocci and other barteria, ^d trichomonas foetus. 

is also caused by the protoz P Ucognised from ancient times 
Bovine contagious gU dosely-settled countries, and 

as a serious cattle disease. I of the world where there is any 

is known to be present in most parts ot 

considerable cattle popuimion. ^ minutes. Efli“™f 

Sr. abortus is killed by 'ordinary disinfectants kill 

pasteurisation thus kills it w „ 4 ,cted from adverse influences 
the organism quite easily. ^ye to live for considerable 

heat, desiccation, sunlight, c. which it is likely o 

periods in many of the or in j j 

arrive along rvith contaminated materia ^ 

vs in the bodies of affected animals Its 

Disiribulhn of Sr. c*— 

distribution may be as fol ^ ^ more limited extent, c i 

barren Cmrs.-The “/"^^“mammary and pelvic glands and 
lymphatic glands — ^notably t 



424 


VETmiNARY HYCIEKr 


sometimes those related to the pharynx — and occasionally the spleen, 
arc the moat usual situations in which Br. abortus is found ; it is found 
in certain enlarged bursal lesions. 

Presnant Heifers and Cojrj.— Pregnant heifers and cows provide 
one medium for the most striking manifestation of the activities of Br. 
abortus infection, the capacity to cause abortion as the result of invad- 
ing the pregnant uterus. The uterine cavity in barren animals is 
usually sterile, but as the placenta develops in infected cattle, the 
organism migrates to the uterine cavity and multiplies vigorously. It 
is abundantly present in the exudate that forms between the uterine 
wall and the chorion, and invades other tissues of the placenta ; it is 
present in the contents of the foetal stomach. The organism is cvcrct- 
ed in the uterine exudate for a few days, but with few exceptions it is 
absent from this source by the end of the third week after abortion or 
cafv ing. 


Cahes. Immature animals as a rule scarcely react to the presence 
of Br. abortus. In calves in infected herds it can often be demon- 
strated m the Ij-mphatic glands related to the phar> 7 tx, but the animals 
usually clirnmate it soon after removal from contact with the organism, 
and provided that the)- are kept a»ay front infection and pass the 
ag^mination test before they are sexually mature, they can be intro- 
u^ into cl^can herds. From expenmcntal aork on the question, it 
fhat tisually caltcs are not really susceptible to infection 
until the genital organs approach maturity. 

is susceptible to infection, and while few obsercers 
constte that the buU is a major agent in the spread of the disease, 

wit'™ responsible for the 

the epid,dy™rand "ilrd^toTr "'2“^ “n 

trated in the semen, '*1'' organism has been demons- 

belicted ttathdiJiii ^'th^T oentury it was widely 

coitus. Later cxoeriiiV?^ oWony from the bull at 

occurs from ingestion, and danionrtrated that infection easily 

method. It has been show *^osidered to be the commonest 

junctha and also that it mfcction easily occurs via the con- 

"hich these paths of infcctioi^'^ 'hrongh the skin, but the extent to 
oase, their existence has little Practice is unknown ; in any 

for the control of the disease methods to be used 
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•n, of the ccnnl.. ..ml? Wj Z°’ZmS 

I. M«.d f .Of. otfl. 

foetus, placenta and uterine exudate. ^ 

which really large numbers of the organism , impor- 

to situations from which they can infect o e ’j^aterials are as 

tant to remember that, in “”‘^a{ly as in those that abort, 

likely to be infected in cows that calv ^aialler numbers 

The organism is very commonly presen > 

than in material from the genital organs. 

Met/wds of Control. In Great *J°jJjJar*'disposal or isolation 

been practised, viz., by blood testing ^^are the 

of reactors, and by vaccination. I ^asting 

incfdence of the disease is said 1° but even in the 

and slaughter of reactors was ^“’‘“'''“'doned or modified because 
United States this method has had ‘ ^rs for their slaughtered 

of the high costs involved in indemnifying oivners 

. J c.,ar,’Mlion of .RcflCWW.— This 

Eradication hy blood testing oti frequent intervals 

method involves the blood testmg o animals which have been 
and the segregation and ultimate di^ method of control 

shown by the test to be infected. _<rv is limited by economic 

but its application generally m t is ... .^5 far ensuring success. 

difficulties and lack of the , elimination of infection 

Moreover, the aim of eradication IS w ^ freedom from 

from a herd but the subsequen 

infection. , , . , ™ccessful in self-contained 

This method, is most ^an is not high and where the 

herds in which the incidence o outside sources, e.g., neig 

introduction of accidental ‘^angements available must be of 

hour’s cattle, can be avoided. removed from the 

such a nature that either the ^ ar transfer to a 

as soon as possible after detectio ’ where precautions 

farm, or isolated in separate bu. dmgsj 

ensured against the transfer o i ^ ^^a arrangements wi gi 

non-xeacting section of the her^ • imnortant of all requirements i 
the quickest results, but the mo owner, stockman ai^ a 

unremitting care and attention negligence in ‘''® ® f 

cemed with the cattle. One undoing of the elforts of 

the non-reacting herd may result m 

several years. . , ■ ], standard of managem 

Many valuable herds with a S ' ad and at one time high P 
been freed from infection by t is .1 
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were held of the method becoming of more general application, but 
subsequent experience has sho\vn that clTectivc isolation of the infected 
animals is almost impossible of achievement on most farms, even when 
separate sheds and fields arc avialablc for the reactors. It would now 
appear that informed opinion has accepted the view that eradication 
of contagious abortion by blood testing and segregation is impracticable 
as a measure of general application to all infected herds, and to-day 
vaccination is widely advocated in this country and in the U.S.A. as 
the most helpful means of controlling the disease. 


Vaccwalion.—Jn the past several different types of vaccine have 
been used for the inoculation of cattle with the idea of preventing or 
limiting the spread of contagious abortion. Some of these vaccines 
were suspensions of live Br. abortus organisms which under certain 
circumstances, e.g., if injected into pregnant animals, were fully capable 
of producing abortion but which, when given to non-pregnant cattle, 
confened on them a considerable immunity to the act of abortion. 
Live vaccines of this type did undoubtedly reduce the number of 
abortions m an infected herd, but they had the serious disadvantage of 
mamtaming infection in the herd. 

Eapciimental work in the United States of America with strains of 
o 'It? of virulence resulted in the production 

0 ontigenicity and low pathogenicity. 

now aiilura ="'0” in md is 

now gmerally adopted as the vaccine of choice 

Strain 19 has be™ used 
of hi vtdt • V 'it' for the efficacy 

III wasTall r abortion when the animals reach breeding 

considered tn a The results of the tnal were 

calftorvicin' il^hy'S STb? 

tion i lamhll o? ‘’“"o' P“>ioy “f eradica- 

country, and the results nf carried out in this 

much large scale in the U obtained on a 

sponsor a Calthood Vaccinatim M™stry of Agriculture to 
female calves between the a o.nrT “ wide scale. Only 

although the vaccination r months are vaccinated. 

Shortly after 

to the blood agglutination calws become positive reactors 

but the majority become nor ° remain so for a variable period, 

. _ J ybecomcnor-r^rto^bythctimeoftheh 

build up an 
t9 


purpose behind iZ ‘he time of their 

at a time whw thc'^ to 


calf is comparatively resistant 
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permanent infection with iJr. ahoms. Th.s ^ 

Lfhood, but there is still Some doubt as to the exa t dumd m 
The Calfhood Vaccination Scheme^ now J - m operat^^^^ 
December', 1944, and there is no doubt tlmt 

reduce losses from contagious through experimental 

^rf«/rFoccmotmn.-The evidence obmin^^^ 
and field work both here and m the U. . • from the vaccina- 

resistance to contagious abortion infcrtion r . produced in 

tion of sexually -mature cattle vacci- 

calves. Many practitioners use w (,f ^on- 

nation of all females irrespective of ag ) 

trolling abortion and are satisfied wit calfhood vaccination 

■ Asihe duration of the immunity resultingfromc^m^^^ 

is the subject of some doubt, revacema i 
calvings is frequently practised. 

Disinfection. The need for P''°'’“^*'p^^"ii 35 fsed, since a heavy inftc- 
vaccination is being practised, mus . j.j the vaccine. If an 
tion might overcome the immunity P' . gu discharges have 
abortion occurs, the cow should b; should bedestroy- 

ceased and the aborted foetus and fo no access, 

ed by burning, or by burial at a Pf^’tSy disposed of. If Ao 
Contaminated bedding shoiU obviously been 

abortion occurs at pasture, any ur jjjjjnfcctionofthestallor loo - 

to contamination should be remove ' attention to 

box should be thorough, paying P atenne discharges, i 

fittings likely to have been contaminated wm nsed. 

per cent, caustic soda or a three per 

• this country dealing with the 
Legislation. The only ’?gj. of 1922 . . of 

disease is the Epizootic Abortion markets, sale yards, e ., 

• This Order prohibits the »P^ ’^,gdge had calved 
cows or heifers which to the own j.g. It prohibits the ■ 

within two months preceding the “P ™ ^g purchaser m . 

such animals, unless notice is f any person to end 

such premature calving. I* .5 tnoivn to have calved prema 
to a bull for service a coW or heifer unless notice is g 

within tlie two months iromedia owner of the u • 

in tvriting of such premature " to t^ o" 

Order alto makes it unlawful for Ae » rhem to paze on 

calves prematurely wiUtin the wo tnonth^^^^^^ _ ^ not 

any common or “"enclosed land,^^^^^.^^ ^g^ping, or P 
sufilcicntly fenced to prevent 
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ihcm at the side of a highway or on any land on which there aic cattle 
which are not the property of the owner of the animals which had 
calved prematurely. 

Unfortunately, it cannot be said that this Order has played any 
effective part in the control of the disease. 


Brucella Mclhensis 

Up till 1940, Br. abortus was the only type of Brucella to be 
isolated in Great Britain from an indigenously infected animal or 
human being. In that year, however, Menton* isolated a Brucella 
organism from a guinea-pig that had been inoculated six weeks pre- 
viously with the mixed milk of an Accredited herd in the Midlands 
which was subsequently identified as belonging to the Br. melitensis 
type. 

As this organism ^ves rise to imdulant fever in man, this discovery 
was the cause of some alarm in both public health and agricultural 
circles and prompt action was taken to deal with the situation by the 
slau^ter of the cows which were screting the organism in their milk 
together with those animals, including sheep and pigs, which had been 
m contact with them. To do this a special Order of the Minister of 
Agriculture was necessary. 

Since 1940 several isolated instances have been reported in which 
this organism has been recovered from the milk of cows and the Order 
tas been applied m each mstance. There is no evidence that imdulant 
ism ^ dirinfcing milk infeaed with the organ- 

beWinn n ’’ which, while 

features of that orgamsm, particularly in regard to pathogenicity. 

tefoptaiioJt. ’5®. which came 

Agriculture “mav if he tV V n. *hat the Minister of 

"hich in his opinion is aflened wiiriT* ’u '’^“shtered any animal 

oplnio„hceninanywayexposed.othe™S"no“s::s? 

bovine mastitis 

Bovine mastitis (inflammation of the 
of very considerable economic loss It 

invasion of the mammary tissue biit results from hactcnal. 

ry tissue but other factors may act as predis- 

•Mwloa, 1.(1940). A/rf.O.S>. 63, 33-55, 
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P 0 .n, causes and in 

Cory,.,^ 

baclerium tuberculosis, Bact. coli and related „- 

Streptococci cause the great majority °f "jy „Z,uc 

coceal mastitis, due to Sir. agalac ta , • 

course, although at times it may he me v ‘ j ^ changes 

disease has no appreeiable effect The 

in the gland are often not apparen progressive over 

disease is insidious in its onset, is u fibrosis which results 

several lactations, and the gradua y-mcr development of the 

leads to destruction of milk-secreting . j. joss of one or 

well-known “light quarter,” or to otnees of the disease the 

more quarters. During the " j\o^rhe°naked eye or there 

characters of the milk may ^“f„jetimes confined to the first 
may only be smaU clots. ^ disease are liable to appear 

streams drawn. More active ='8" disturbance such as incomplete 
if the animal is subjected to ^ f “ „ditions, or if tlie animal 

milking or exposure to becomes swollen and the 

is ill frL some other cause. with frequent 

nulk converted to a ’whey-hke «“ ^ij^ppear and m 

and thorough stripping-out> normal appearance. o 

affection and ^^^or bif ei^^ucous i^P"“j“e'lparfrom other 
owners are often mder recognised that diseased 

:Lrrrzs-.s“ “■ 

Str. <?.);« ““/of cases than f . ^b" organism. Some of 
for a autaller uu pj-om case those due to Str. dys- 

chnically indisti ate acute, ^ases there may be rapid 

these lufeotions. ^^oap/dem^ur. ^ ,,,overy in a few days. 

galactiae and oir. ^^thcr nan , -taphylococci occurs in two 

loss of a quarter ^ ogenio ftoa'S y which though relatively 

‘"and eluonic. It-^o ^'lmal is aeu.ely ill, parts of the 
forms, acute ano ^^ 5 y_ jn secretion as ean be obtained 

infrequent, *“8" gangrenou®' y jj,.,. haemolj’sed blood. M.any 
Udder tissue bee .bish-hro"^ absorption. of toxins from the udder, 
consists of athi owing 'o‘ product "'•c glimd .arc similar 

affected animals changer P" , . 

In its chronic fom’ 
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in nature to those of chronic streptococcus mastitis, though tending 
to be less severe, and gross changes in the milk arc less liable to occur. 

Corynebacterium pyogenes produces a suppurative form of mastitis 
which sometimes occurs in epidemic form and is especially prone to 
attack dry cows and virgin heifers during the summer months. For 
these reasons this form is often referred to as epidemic mastitis or 
summer mastitis. Other organisms, c.g., Str. dysgalactiae, may be 
responsible for this form of mastitis. 


Pathogenisis. In connection with the origin of cases of mastitis, 
thwe are several factors which are commonly regarded as rendering 
animals more liable to attack. Important as many of these factors 
undoubtedly are, they are subsidiary In the sense that they are unable 
to exert their full effect in the absence of disease-producing bacteria, 
^ong such external factors may be mentioned any which cause 
^mage to the milk-secretmg tissues, such as stagnation of milk within 
the udder Mlowmg iucomplete milking or the praeticc of “over- 
^ 1 , 8'“'* predisposing onuses, 

dfrir. "* ’««•> of the Calf 

The imnrimw * *^0 ^ through the cow lying upon an uneven floor. 

'"8 a result of an in- 

”“0 the teat cups on 

quart™ of*tL'’udde‘'lt' '“"tnionly in the hind 

toS^le o? tho h 1" Po^ibly owing to the 

to injury What raav consequent greater liability 

e.g.. cMls froX™L coif wet r‘" 

tions in temoeratur^ to , ’t, , draughts, and wide varia- 

Surrouadings are exposed k^l^ ^7”“* 
warm days in summer it 5 c i7t " reason during 

merer from mastitis during “imals are liable to 

conditions, such as foot-and-mouth ” following other diseased 
With regard to the way in whichl!^ ^ retained placenta, 
^stitis, it is necessary to ooIti. ^ ^ animal becomes infected with 
in one form of the disease m„v ^ method which may operate 

ranee, while there is eserv r /"J" ™ ooother form. For ins- 
of streptococcus mastitis is ciT 5 d.fl f ^ that the common form 

such an explanation cannot bnla Irands of the milker,* 

* See “Modes ot Spread of Sires, o "* Summer mastitis where, as a 

Imp. Bureau An. HeSli^*!^ 
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* .h. 

:i“r,.’vrr;sx — - '■ “• 

development. 

The Importance of Mastitis. “articlriy 

importance, largely on account milking cows. Mastitis 

the chronic streptococcal form whic standard of cleanliness 

is by no means confined to herds ■"'I^ls a^te thraverage in herds 

is low, and in fact the incidence IS so beyond reproach. 

of raw milk contaminated believe othenvise. In the 

daily without ill effect, it is P . „ fever and septic sore 

past, however, a number of due to an actual 

throat have been ^J^^^irpathienic streptococci which m the 

product. "Low milk there can be little doubt thaUo v 

of excessive wastage m udder. Urfdr 

• vj • io^rTs»iv occasioned by ac ^ Mnpflv found in cows over 4 

lactose “d ^“Xin and "to butter, and also creates 

s^^Sste. imparts a toag^;;“^^,hasH 

difficulties in cheese- 
lactic fermentation. 

control of chronic streptococcal mastitis 
^ . I „r Mastitis- ^.‘®,,estion of diagnosis. In this form, latent 
.{ai hinges on the 4“ detectable cUnically, arc extremely 
rnfemiont which -“.tscTmcVhed out and suitably dealt with. 

common : unless 
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there is no hope of properly controlling the disease. In connection 
with diagnosis a number of cases can be picked out in the cow-shed 
by considering the history of the cow, by palpating the gland and by 
applying simple tests to the milk ; where these methods fail or give 
an uncertain answer the milk must be examined in a laboratory. 
Thus, the owner or herdsman may be aware that the cow has shown 
signs of mastitis. A history of sudden variations in the milk yield in 
the absence of other causes, and especially if the fall in yield is con- 
hned to one or two quarters, will raise a strong suspicion of udder 
disease. When the milk is examined in the cow-shed a little of the 


force milk from each quarter may be drawn into a shallow dish with a 
blackened surface and inspected for the presence of fine clots. This 
may be supplemented by the brom-cresol-purple test, in which filter 
paper impregnated with this chemical substance is wetted with the 
inilk of each quarter. A purple colour on the paper indicates that 
the milk is abnormally alkaline and in the cow in full milk this points 
to a disturbed condition of the quarter. Milk of normal alkalinity 
produces a slate-grey colour on the paper. In the laboratory the 
i'««ly on to culture plates or it may first 
inmbated overnight and then examined microscopically or culturally. 
siinS^T’ diagnostic methods is to pick out cows 

cow. w n"' in the latent form. When such 

miss mrv T “""O' having a definite chance of 

SedToL o ""*• “^ 0 """' P"'"‘ here is that 

moTetnvtnfcTr ” c P"n>ose it is usually 

most convenient to group them together in the milking shed but it is 

unnecessary to isolate them When at pasture ^ ’ 

shoSTbe'atSs'r" "" part of this article 

ollowinggTne M hv “ ‘'*0 aame connection, the 

and S stX hZlTA''”''''”"' be important. Cows 

wush their hands fren ti possible. Milkers should 

each co“ The h bh or m “"I 

coudemued. Towet whLhTrr -""h <0 be 

diseased cows should not hc^sed- “'o 

charges from the udd«-f «>!« 1.1 healthy animals. Infective dis- 
should be collected and destroyed”^ All ‘ha ground, but 

taken to prevent injuries to ' J\” P““‘h'a Precautions should be 
fact have proved to plav an imnn^ d'eat injuries in 

for their prevention th^ teats "P"“d of mastitis : 


.... incir prevention the teals i , masiii.s , 

milking and in the sun. “ ? "'"‘'c reasonably dry after 

Iloor space is not only humane’hnr»” P™'’'*'"" °f sufficient 
rcccjN-e prompt Ireatm-mt cvm »k ' should 

ueaiment. even though at first they may appear to be 
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“CUoros” solution m the bucket The second bucket and its cloths 
are used altebiately for wiping and drying The solution in each 
bucket must be changed after cleaning 18 cows 

The method recommended for disinfection of teat cups between 
milking of cows is as follows — After milking a cow and before milk- 
ing another (1) rinse the cluster of cups in a bucket of clean cold 
water by plunging vigorously, mouths of the cups downwards, four 
times m five seconds The vacuum must be turned off Change ihis 
water after every three cup clusters (2) Dram for 5 seconds Dip 
into a second bucket containing “Chloros” solution, plunging three 
times m four seconds (3) Dram, shaking the cluster for 3 seconds. 
Renew the Chloros” solution after 28 cows 

,n l’ , *' w >''= >'“‘is thoroughly 

frcQuentIv nHnntM c- P'^«'Cimn The treatment now most 

tsri^mtrctd d.r«;^ ■> - - ou. 

cll cows in the herd, whether mfeSed ^^ 0 ? 
cows and premises, it is possible to °f ‘ho 

herd Stableforth Hulse^rhoav ° "odicatc the infection from the 
successful cr^n 

of all cows were treated with 100000 imL ^ r All quarters 

cessivc days Penicillin creim 'T ** penicillin on five suc- 

cows teats for 14 days from the e workers’ hands and 

morning of the fifth day the cov.TH"™'? ‘reatraent On the 
solution and the premises with creT^ hisinfeaed with hypochlorite 
reappeared m two herds seven herds h” Though infection 

S<r dyssalaa,.e. sIr 

present at sites other than thf nHri j staphylococci are 

be eradicated by such means thouch'the infections cannot 

reduced ‘he incidence may be considerablv 


Johne’s Disc S DISEASE 

^ats caused by “"'I 

The organism IS found in thlmte5i,r a‘™''““ (Jone’s bacillus) 

enc and other lymphatic dands I" ‘he mesen- 

' “““ - "“'“-wide m itsd"rbu,mn 

• Vtt, a,, 
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is considerable evidence that, in cattle, infection in most cases 
occurs in the very young animal but symptoms do not become apparent 
until adult life. It is probable that many infected animals never reach 
the stage of clinical breakdown but by their excretion of the organism 
constitute a danger to susceptible stock. 

The symptoms shown by cattle at advanced stages of the disease 
are emaciation with persistent foetid diarrhoea, the faeces being watery 
and frothy. The appetite is variable but may be good until shortly 
before death. 


Control. Confirmation of a diagnosis of Johne’s disease is dependant 
upon the detection of typical clumps of Johne s baci i ^ 
smear stained by the Zield-Niclsen metho . ere 
method yet available for the diagnosis of pre-chmeal * 

reaction to intradcrmal johnin or avian tubercuhn may be an indication 


'**''proSactio measures depend on the avoidance, as far as possible, 

ofcontLinationoffoodandwatersupplies. « 

that young stock be protected from infection and, P°^S 
should be reared on premises separate from those ^P<>" 
adult stock are kept Calving should ^ 

been cleansed and disinfected and t e e Calves should be 

•possible from faecal oontaminatipn the bucket, 

moved to clean P--- 

great care being exercised “ hh regard to the milk which 

collection. Similar care should be tak should be pro- 

is subsequently fed to the calves. P _,„caution taken to avoid 
vided for calves and adult stock “ ® 5 tock by indirect means, 
transference of infection from a u rjotent source of danger in 

Ponds in fields grated by cattle ^uld be filled in or railed 

the transmission of Johne s disease. provided (see page 62) , 

off and an alternative, protected PP ^yard and approaches to 

the development of pools of facing and drainage. Manure 

buildings should be avoided by prop g^ass. Contaminated 

should be spread on arable land susceptible animals 

pastures should be if possible, 

for at least six months and for Y 


CALF to be avoided 

=»““• "O’SS '£1 

and predisposing factors 



the stage of clinical oreakdown but by their excretion 

are emaciation with persistent •'““f' ^ otj „ 

and frothy. The appetite is variable but may S 

before death. 

Control. Confirmation of a diagnosU " 

upon the Z,cht NiS method. There is 

rerodTa— lorthedia^^^^^ 

reaction to intradermal jolmin or avian tuberculin may 

-of infection. , ,, nvoidance, as far 

Prophylactic measures depen jj jg especiall 

of contamination of food im ” infection and, where p( 

that young stock be prote c (j,ose upon wh 

should be reared on premises ‘ ,^,^0 place in a box 
adult stock ate kept. nj the litter must be kept 

been cleansed and ‘,inn from the dam. Calves 

■possible from faecal =o"X"nd colostrum fed from ' 
moved to clean „void faacal. contammatmn 

’'a^fr '‘“calves and adult “"toTo,^E stock by indir 

vided for calves „ ndu t to V nf 

transference of mf cattle be filled I 

Ponds in johne’s ' supply provided (see 

the transmission of farniyard and app 

off and an alt f-ools surfacing and drainage. 

thedevelopmen^^^^^idcdbyP^P^^^ not on grass. Cor 

buildings shot Id n,ablc susceptib 

for at least six 
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occurrence. In the control of white scour it is of primary importance- 
that the calf should receive colostrum as soon as possible after birth so- 
that it may be fortified by the antibodies and vitamin A contained 
therein. Regular feeding and good housing with, in particular, the 
avoidance of cold and damp are likewise necessary. When bucket- 
feeding is employed the cleansing and sterilisation of utensils in between 
feeds must be scrupulously carried out. Steam sterilization in the- 
dairy chest is the most satisfactory method. 


Navel-ill or joint-ill is another scpticaemic condition which may 
occur in yoimg calves. The disease may be very acute and a pasteur- 
clla-hke organism has been associated with such cases. In the Iks acute 
form Corynebacterium pyogenes, Fusifomtis necrophorus or a haerao- 
lytic ^eptococcus ^y be responsible. The thorough cleansing and 
msinfection of calving boxes before and after parturition is of great 
importance in the prevention and control of this condition. 

^ongst other diseases ofcalves to the development of which faulty 

ombreate proper attenti on must be given to isolation 
of affected animals and disinfection of premises and equipment. 


POULTRY DISEASES 

in ^^ul^ husbandry is hygiene more important than 

anlu^ »r are maintained in close- 

.0 the spread of 

are'^™i\f "“'ifieble are those which 

fowl plague! but then-" (Newcastle disease and 

checbS^atrc:,;tLhh dJir?" conditions Which can, if im- 
of these are infections caused ‘’r® more important 

puHonm (pullorum disease m bacild'whW° Sroup, S. 

(fo\sl tjphoid), S. aertrycke (S diarrhoea), S. gallinarum 

thompson ; the a\ian Ieiirn<-1 * S. enteritidis and F. 

laryngo-tracheiUs ; coccidiosU 

fowl cholera. ’ aspergillosis , tuberculosis ; fowl pox ? 

poultry “Mrol of disease on the 

stock but some special problems 

-case of infections such as B W n ns for instance in the 

The t>pe of husband I-' 'SS-t>™e. 

control of disease - on fme “ ““St important factor in the 

"St used there is cousideraM^^riJ"."?'*'’'^’ 

of heavy contamination of tho^ 
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j .1 » *,«,><:« nnd small portable houses which 
area immediately around the h „refetrcd. The semi-intensive 

■can be moved regularly arc o P one of which 

system where there arc fixed hous satisfactory for a time if 

overcrowding is avoided bu , P becoming fowl-sick with the 
-trouble frequently results ^om the land becomng^ 

■development of conditions un c ^ ,j.oublc can be overcome by the use 
•other infections is favoured. moved on to fresh 

•of the folding system, where the over the same 

iround daily, provided that young ^ ^ land for 

ground twice in a year as co r ourable conditions. The folding 

. sstrs m". £.-r 

(..dd 268V 1;.^^“” 5 >5 *" S.S 

battery system and it is ciai ,jon, provided that ™ 

established it is ' ^^5 jo keep it in a *°°'®“”j,y absorbed 

of the litter is regularly droppings are prompt y 

condition and thus ^ surface. . accommodation 

nnd do not accumulate 

The movement of g in accordance 

) another should n . . .,ed. This sh . . ^jamfec- 
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' .h-a b. » o,.a ..a " ” “ 

anerwtohttereKptad^^^ should 

CUs.o....a«.lho 

Si — ive to — 

"^Hutchi. .0. — -^SJ?,:troth=; 

I’ittuigs shild “““lining fittings should bo '^oroushly cleans- 

.r,'r=s=c;“"— 

and dried. 

5 . Incubator, with ^'^"fgldtf nTSfas^^ 

(i) Empty at strength (B)) before ^ machine 

lators closed' (using during the hatching season 

the hatching season and at a y 

'Id In the case of 

it is not practicable to ctmry o t VTcwl in the machine> 

the need to avoid fumigat.on d^ngjn in a special a r 

84 hours after setting, "^0,0 setting should be urn s arranged that 

each batch of eggs, d” St= ■=»" thrlrnraldehyde gas, Mer 

light chamber in which troy ,he action d of the machine 


■ each batch of eggs, immeora r v-- - , i-omialdchyac g.i., 

tight chamber in which troy ,h,. actmn ^ ^ of the machine 

the whole surface of the egg . ^^^^^,_,g,rr,ys„nd fittings 

each hatch, disinfection of tl ^(^, above af fumigation at 5trc|^th 

should be carried out as '"pilosis continue msp be sought, -n,^ 

(ilO If losses Animal Health ^j^^l.b Divisional Olllce 

(B) the advice of 


sis coniiii- •• should oc soua.. . 

losses ‘‘“■"/.•...ry's Animal Health ® j ^jaagh Divisional Olllce 

, the advice of .0 '^'^.^“^County Poultry Advisoiy Officer. 

can be obtained on app^ Officer o 

or to the Provincia ^ container bearing a label 

6 Approved is one .'^'^^a'Jbe label, it is approved by the Minis- 

■ An V,thend.Sc<>“'’o-"^^^^^ " 

indicating that, ^^^c purp 

Tine ; the tnix guidance of hatchery r«rrie- 

o Vo/ef ^ ftrecathic*"^ «,Hunc rneainros* 

fono"!”® r °! fo, the coHcction of hatching ers* should he diim- 

«ho shonl‘* 4 Attiog^ 'rJrtanl or vith a imlutSon of lodium hjTX'chlofste 
’“"jrcas^^prtO'"*’ ‘"’a'iSt rimpartnvent and fumirr-eJ by .K- fciroahn 
fected ''■'';'’brrl’-'^,0 ‘ 

ovShod for 
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(b) Assistants picking up chicks at hatching time should u-car robber or 
mdun'osh aprons, and keep th«r sleeves rolled up to the elbow After each 
-breeder’s chicks are Uken hands and aprons should be thoroughly washed with 
soap and water, preferably warm to which a small quantity of dismfecUmt has 
been added Aprons should be sponged with sodium hjpochlonte solution or with 
another reliable disinfectant 

(c) Hatching trays should be removed from the hatching room complete 
-with debns and erapUed mto bins or other receptacles used for the purpose When 
then contents have been disposed of, they should be dtsmfeclcd with a reliable 
disinfectant and stored in some isolated place 

(d) Sexing should be undertaken in a room used for no other purpose Opera- 
lors should wear rubber aprons, a pair of rubber or oilskin cuffs to the elbow 
<for use when sleev« are not rolled up) Itmerairt scaers should, m addition, wear 
rubber boots and sexers employed mainly at one hatchery should wear robber 
boots when working at premises other than their centre of employment Sexcr’s 
lables should be surfaced with metal or hard wood The trays mio which the chicks 
arc dropped should be made of metal or enamel ware with a layer of cotton wool 
m the bottom of each A wash hand basin is an essential fitment m every sexing 
•room. 

(e) Sexers should wash their hands before commencing work, and, when 
-dealing with large numbers of chicks, on several occasions dunng the day 

(f) Washing should be done with soap and water to which a small quantity 
•of disinfectant has been added A nail brush should be used on nails and hands 

(g) Cotton wool or other suitable matenal in chick trys should be renewed 
as frequently as possible but m any case must be renewed between each diiTerent 
hreedei’s ebeks 

(h) At the end of the day each sexer should dismfect bis table, bowls, apron 
and cuffs Jlubbcr boots should always be disinfected before proceeding to another 
batchciy or poultry farm. 

(1) Every effort should be made to reduce thfe amount of dust in the hatching 
rooms to a nunimum. Sweeping, whether of Soots or machinery, should only be 
done after the surface has been damped with dismfectant After a hatch is taken 
o it Is a good plan to spray the fioor of the rooms immediately surrounding the 
rnachine with a disinfectant solution. 


^ i/S yrrmin 

“ram ot bactoia which ran induce disease m 

Sir?. •" <1“ tbe hatchciy pipnises are, m Ih! 

kept clear of them by any lecognised 
method of extermination and prevention of entry 
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THE 


transportation of LIVESTOOI 


XXXAli , 

fr/^m one ■nlace to another it is 
'When animals are they should be subjected to 

important, for hnmanitman . economic aspect, that 

the miDiioum “^Lut deterLoration in physipee. 

-of Ainmals Order of 1927 ^ , 951 . Tliese Ordras if 

1947, and The Transit of _ but much more can be done 

properly observed tvUl ®!‘!“"“*^rensme delivery in a state equal to 
•to improve transit ar^espatched. Reference is made 

lat pertaining when the "t^forfers but the actual Orders 

Tielow to the broad of detail. . , ja 

-should be consulted on ^““uertain fundamentals should be kept m 

•’^irrdZroromTortr^^^^ 

.h™\oS.afed^-th -^rtHhe needs of hygiene nutrition and 
attained by^proP«;tim^^ 

""cr 11%:^ fy. consequently close attention to 

■will the governed by tho 

^ the route and ^ of sick wtendants should be fuUy aware 

T^S^tWinthcir kcep;n^,,^ ^at animals should be 

( 4 ) Where poss^ ‘''%“tor°is*’S season of the year at which 
avoided, parti orta"< ‘^“very hot or very eold, icy weather may 

W to be mov<a>- Very 

jmimals , ^be despatcher to provide adequate 

•induce misnai ' ,bc -foveto be the most important factor 

It"‘“._„ •fiusmJji 
. . cratmE- _ „ iourncy. 

restraint or on ■ J u,o^4„g animals and they may be con- 

®®''?S‘em»t«'=‘f”^wdinP 
^dered ua<5'^ 
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A.r. This mode of transport is stiU in an evolutionary stage and has 
been limited mainly to the transport of racehorses to and from the 
Continent It presents obvioiis features nhich recommend it for this 

'' and the animal need not 
leave ite traimng quarters till quite near the time of racing and also 

ehmmatT t prolonged travel and changed diet are in part 

dimnated Thereare. hoiseser. factors vshiehmaj prevent the move- 

Sy usdf’ll^ the^ of chartering an aeroplane may 

and^eTni a v^TT™* ""S'derable exatement 

■most important feamre to be observeTrt 

adequate Strength. served is minimum weight, with. 

No statutoiy regulations govern the transport of animals by am 

-^"L'S;rre°Lrcrr'™" 

The shifting of great herds of hi4r arc not available 

.■«ance, has been superseded L .L Am'rica. for 

Austraha. South Afnra and .s it soil 

hoof The nrjm observi-H *“ ™ "*= 

rdl™ the ammaU to keep condition This must 

2 nd w atering time ^ ^ permit adequate grazing^ 

d^n^”"'"® The1)S« "nportant method 

-- -quate r^L'f^^Tet— 

cnimals must 

Comment “ ’’ "O'r" operation 

4rl^; ^ ^=‘PP^=“«'dtha, “d 

-olhersueheaSX:^--^r‘rr“^'”-^^^^^ 

“ Therefore the trucks must 
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1 n u i iv - — 

have spring buffers and the ^^j^^^fwlnittered with straw 

carriage of cattle or, with o i P of flio vehicle except 

orsaiTd. The battens are placed across to floor 

in to doorways where they ^ or removed to prevent 

heads and other projections ^ door level since it is 

injury. There must be a® '^sp ^ ^ opening or lowering t e 

not always desirable to disturb an.ma y 

doors. Trucks must be constructed so I 

disinfected adequately. secured by tbe Jiead 

sStr^Smed animals p^oro'f Tansit Calves 

is reasonably expected to aalve dur g P or horses 

sheep, goats and swine, df Other species will often 

must be separated f-^^^/^iCatticularly in the case of male 
agpavate the temper 

animals. oourse be permitted hy 

Overcrowding of injury and discomfor 

livestock attendant. T n neriod of less 

needs no enlargement. shorn "'“’j'" “ P, ; ,here is 

Between November aud ^,^^^^ ’’^V^Marpauhns. These 

than sixty days P”°^^‘%hc trucks by means of tarp 
adequate Pr°*®°!‘°"vith ventilation. overlooked, is the 

should not iuWf t feature, that must n ^„,„c and 

A most intP®^, Cueing transit- T^ s^cep at least once 

watering of au""^' least once m 24 h ,„g consignments of 

pigs must be wam^a tcaionab^ ^„ppl,es of water 

in 36 hours, ^ hn,ust,bylaw.> 

animals to pass to ^ horses, but 

and food availabla^-pg re^Iat'o" ^^PP of Horses 

Generally sp ^ jmonal P°‘"“ ,ectcd from the weather, arid during 
there are some ““.jcs must bo P Worses carrii^ m trucks 

Order of 195>- October to Mar ^ p„,,cted by tarpaulins Parti- 
the months of « sides m fo, loading and unloading, 

which are open_;*^, pc P^intcrvals of no. more than I2 hours. 
cular attentio s.at ensue when trascllmg by rail. 

Horses must b P'd"^,5ed wiili regard to the provision of food at 

jn view of be o' 

forcthouB 

StOpP^^^ ^ ..j, 22 of the DtKavet of AnlTiaU Act, 1950. 

• Sf« 
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For long journeys with stallions or other animals which may eriubit 
weious tendencies, the hvestoek attendant should exercise great care 
in determining whether or not to place two animals in a box together, 
and more particularly he should study mdmdual temperaments when 
pairing ^ 

Sm Tramport. As sea transport often involves long journeys with 
the possibility of a rough passage, certam important detaik must 
rece.se attention The transit of horses by sea is gmi^M by the 
Exportation and Transit of Horses, Asses and Mute oX^of 1921 

Trans.tTASmXSXTl927m mftXXa" 

Order of 1930 on ocean going vessels ’ ‘ Transport) 

The Orders male detahed provision for tu. , 
accommodation, ventilation and lighting they X “l, 
of the vessel maj be used for carrvine amm,i which parts 

of stock must be secured b> heaXL (tom 
md heifers, pregnant cattle md milk^s) 

^ divided into various classes and separa llv ^ed jT”™" 

^^deforfood and water ifthejourney.sJoXlore’tiTg^r 

housed that bucket handling does not ^ ammals must be so 

passenger quarters traversing the crew and 

(2) irthcanimalsarcbctweendecks iIioa„ 

™hod of removing excreta must be’ rarefuim 

l«omes extremely humid and may lead m a I 

There later The animals- lesisianee w“h 

transit and there ^vill be a rnTlherDredi<;n««» already be lowered by 

TT ’It*"' *b peculiar 

become cramped and swell and it mav rawli'® P™'™des This 
“'“S ^way the offending pomon of 4 mt^ “ 

especially 

•^s must be sUughtered bu?lir^^ 
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of aBhnals which have died from disease or other causes must not be ■ 

cast overboard within the 3 mile limit. reserve pens for such 

(6) There should always be some ™/voW 

animals as it may seem desirable to ^ j- equines has been 

Much of the work m thil authority per- 

effected by the Royal Army on to a net 

fected the method of net-loading. .rni-.j, dear of the ground the 
which is drawn around it by a ^ There is little risk 

legs protrude and the animals are swung aboard. 

of accident if the crane man is . {■ ge movement in the holds 

The army will kad linrblg coiled at ohe side 

if each is provided with a ha , when required, it being. 

•r .h. i.»d, Thi. “ “”-o.s 

unreasonable to expect ban 

in order to catch them. pea consists of a 

Pigs are tisually transport gjjds. A fiscd 

rectangular box, having a a c usually ma e o 

trough is provided at the head ' being 2 ft. 6 ins. wide, 3 ft. 

wooL slL. approximate f^t a sfandard orate gives ko 

high and 5 ft. long. « “ay be found tna Either fault 

mLh or insufficient room may become cast in a pos.tmn 

is dangerous, the former b" ” Ives, the latter because ’t lea^a 

from which they cannot extricate^ uouordingly or one of the 

to cramp. The crate should he mo 
correct size obtained. 

Whenever possible road ““"yP j. sometimes. 
Road Transport. Whene y t„,se.box or cattle , , been 

out in a properly constru ordinary truck w q 

however, the vehicle "„tions. A “oo^ g'V>ng ^ 
adapted to comply ‘f'/oudthe.disinfecuonofthesett 
journeys, the animals this 

be kept. shows is achieved in , q-he floor 

Transport to ^vhich the i^al is e^ 

being merely a large straw covered. be made 

must be fitted wth U 5 c injury and the ^ common 

jecting ohjeets -Wf“^Sing °r unloading 
so that it drops to hecoffl ^ ,^vcak ^ beast's foot 

cause of accidents arising ,egs may n,c regulations 

tendons or ligaments a struggles ■ jj^bifcctcd afler 

goes through the floor and P'’ constructed tlmt 

require tliat the ttuA The vehicle i„ had weather 

each consignment of . ,reco'cringcanbcp 

a protective roof or adequate c 
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and Ihere-must be means of inspecting the interior at a height of not 
morethan4ft 6ins from the ground Whentivo ormore horses are 
earned the vehicle must have facihties for erecting a movable parti- 
tion, not less than 4 ft 6 ins high , across it 

Heay draught horses must ahvays be placed so that they face either 
the front or the rear and no more than three heavy draught horses may 

three ma> be carried behind the first provided the two ermiDS are 

.hor?u;hbrrd'“oVer^ 

models may carry up to six horses Thee” ^ ^ 
danfs room at the back, telephone to dr • '‘•'“'PP''* 
standardismg equipment an?hMi ‘'P'’’”’ * 'nb, electnc lights, air 
whY,neh=s^orrrnTahorserh«fsr"“'“' Horse ambulances 

an entirely satisfactory type has not been d 

with a side loading ramp an?sn ! constructed 

are constructed for theTopi;^ ^ Special boxes 


Cleansing and Disinfection of Vehicles In c 
are statutory regulations govemina liio ! 

provision IS made for the comi^so^rt of livestock 

'Chicle as soon as practicable Tner 2chT^'"® d'sinfection of thi 
cleansing and disinfection involves ~ "’"''Eonient The process o. 

■pans of the vehicle w,th which outside, and all 

jta\c come m contact , scraomiw: ^‘”^1 or its droppings 

Idler, etc , must be nell mixed^^nh'^ sweepings, and all dung, 
removed from contact with amm i ^ end effectually 

00 thorough washing. scrubbi '"‘’'^"'°>'‘‘ .‘>1“ 
“■dcpc'tsor,he veh^u^"®j“ wth water of the 

fpprosed disinfecmnt 

--coated, washed or 



447 


the -transportation of livesto 

j 11 mrti of the vessel with which 
As far as ships are concerned a p. ^i^ilarly 

nay animal or its droppings have come 
cleansed and disinfected. 

■Jransportathn J^he^JSon of poultry 

of 1919 makes provision for P requirements of this 
veyance hy water, rail “ f ^ protected from 
are as foUows ;-all f he carried in properly ven - im^d 
Aveather or excessive hea , vessel used ^juring 

receptacles ; the vehicle or so as to Btop/loft ng during 

ciently ventilated ; crates tn overcrowded ; birds m ^ 

transil and the birds ^^necessarily carried head^down_ 

rmnecessarily tied by suitable for the purpose ^ of tUe 

wards ; receptacles mu noultry from injury by P handled 

structed so as to pro«ct poul^ p^^hcy must bc^han^^^^ 

head, legs or wings , ^ , ducks, when ‘^°nycyc in 

with cate ; turkeys, gee j^cle as otlier po^ ry by the 

must not be in . fgod and the^casc may be, if 

separate compartments , i company, as 

master of the vessel or ‘ ^^...pUonal cause® conveying 

the journey is ptotramed^_y^^^^^„^f^^^^^^^ P^,,p,nclcs 

The cleansing ana ^bc Poultry 

poultry ate prescri page 

.^Disinfection) Order of 
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AeoRTfON, contagfoiis bovine, M23. 

disinfection after, 427. 

Absolute humidity, 120. 

Activated sludge, 91. 

Agriculture Act 1937—358, 361, 417. 
Air and Ventilation, 119-159. 
bad effects of impure, 123, 130. 
bricks, 142, 

carbon dioxide in, 119, 122, 124. 

' carbon dioxide in, estimation, 157. 
composition of. 119. 

‘‘cooling power" of, 153. 
effect of respiration on, 122. 
exchange and cubic space, 136. 
expired, 122. 
flow, calculation of, 158. 
mechanics of, 137. 
requirements of animals, 135, 243. 
gratings, 143. 

humidity of, U9, 125, 130. 

inlets, 139, 141. 

moisture in, 1 19. 

outlets, 139, 143. 

oxygen in, 119, 123 .q 

physical state of, in buddings, t • 

p£>iSviS£^ - 131 ,. 134 . 

Sdards^of permissible pollution, 
temltmlure of. i" 

test of drams, . 

transport of livestodt,44J. 
velocity, 138. j 57 . 

Allnulfs manure P 5 
Aluminium h>'droxme, 

Ammonia, 312, 4 

disinfcob””SSsS«. 3“ 


d,spO«l°j^f 
in 

Order. 373.: 


Anlibiosi** 


302. 


' Antiseptics, 300. 

“Approved” disinfectants, 316, 

Area eradication of T.B., 417. 

Arks for chickens, 275. 
for pigs, 253. 

Armsby & Kriss’s table showing air re 
quirements, 135. 

Ai^enical dips, 330. 

poisoning after dipping, 355. 

Artificial biological treatment of sew- 
age, 89. 

Aspergillosis, 436. 

Asphalt, 173, 241. 

Atmosphere, investigation of condition 
of, 149, (see Air). 

Atmospheric Humidity, 119. 

Attested Herds Scheme, 414. 

Autoclave, 307. 

Avian leucosis, 436. 


Baber*s manure platform, 1J5. 
Bacillary white diarrhoea, 436. 

BaeiUiis anthrads, 300, 302, 303, 365. 
Bacteria in water, 8, 9, 37, 38. ’ 
Bacteriological examination of ^vatcr, 48. 
s-AiC 429, 4X5- 
in >vafer, 49, 52. 

Bails for stables, 195. 

milking, 238. 

Bang’s disease, 423. 

Bang’s method of T.B. eradication, 412. 
Basc-cxchangc, 15, 16, 25. 

Battery brooder, 27S. 

' laying, 268. 

Beef cattle, housing of, 251. 

Bell trap, 79. 

Benzene hcxachloridc, 110, 315, 437 
dips, 333, 400. 

Dioaenition o^se^\•aEc, 91. 

Biological inclusions in water, 18. 

treatment of sewage, 89. 

Dituminems roof covering, 174 . 

Bleaching powder. 310, 

use in stcnlising water, 32. 33 . 

Blow-Hy strike, 333. 

Dlow.hmp, in disinrection, 303. 

Boiling of Animal roodstuffs Order. 
382, 3SS, 422. . 

Coiling water, use in disinfection. 303. 
Borax, 110. 
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Boreholes, 10 

Bovine contagions aoortion, 
masuivs, 428 
pleuropneumonia, 404 
tuberculosis, 405418 
tuTjcrculosu, eradication ot, 4\2, 
417. 

Breeding kennels, 291 
Bncks, 169 
Bnck walls, 177. 

Broad imgation, 88 
Brooder, battery, 275 
house, 274 
outdoor, 272 
Brooks, 6 

Brucella abortus, 423 
Brucella meUtensis, 428 
BructUosis, 423 


j Cats, import rcgubtions, 421. 

( Cattle courts, 251 
dipping baths, 345 
dips, 333 

\ import regubuons, 381, 419 

^ plague, 4W 

spraying. 349 
1 transport or. 441 
>ards, 234. 251 
1 Caustic soda, 3 [0 
Oment. 172 
concrete. 173 
Cesspools, 91 
Oiam hirrov., use of, 322 
Chalybeate waters, 16 
Chemical disinrcciants, 307 
examination of water, 55 
stcnlisalion of sewage, 91. 


Buchans intercepting syphon trap, 77 I Oiickens, housing of, 272. 


Building construction, 169 
materials 169 
stones, 171 
Buildings, i 65^293 
arrangement of, 166 
for si^l farms, 277 
reconstruction of, 279 
site of, 166 
Built traps, 76 
Bulls, housing of, 247 
service crate for. 251 
Bunal of carcases, 42, 324, 374 
of manure, 109 
Byres. 210 


CAtxsust oxide, 3(2 ' 

hydroxide, 312. 

Calf diseases, 435 
Olf houses, 241 

lighting of, 162, 243 
vcntilaiion requirements, 243 
Calfbood vaccination. 426 
Calves, air requirements of, 245 
housing of, 240 
water supply for, 244 
Calving boxes, 228 
Calx chlonnau, 310 
Carbolic aad, 313 

Carbon dioxide excreted by animals, 122 


in air. 119, 122, 124 
in air, estimauon of, 157 
si^ificanoe of, 123 
Carcases, bunal of, 42, 324, 374 
cremation of, 324, 373 
exhumation of 42 323 


restnction on importation of. 379 
382, 421 


* Carriers” of disease, 296 
Cast uon pipes, 71 
Catchment area, 4 


Cbick.Martin test, 316 
Chloramine 33 
blonde of lime, 310 
Chlondcs m water. 56 
Chlonnatcd lime, 310 ' 

Chlonnation of water, 21, 32, 33, 54 
* Chlonne-wash ”311 
Chlorphend taints, 32, 33 
Chorlopies ovis 396 
Bronte mastitis, 431 
Chums sterilization of, 306 
' Cisterns 35 
Chslrhhum cJminoef, 300 
Chsirldium Ktani, 300, 302 
Clostridium htlchil in water 50 
Coagulants, 30 
Coal Mines Act, 206. 396 
Coal Mines stabling of horses in, 206 
Coal tar creosote dips, 331 
disinfectants 314 
Coccidiosis 105 437 
disinfcciion for, 312, 

Coliform bacilli, 49 
Coliform test for water pollution, 51 
Collection of water for examination, 4 
Colony houses, 268 
Composition of air, II9 
I Concrete, 173, 177 
I flooring IBO 

Conservancy method of sewage dispose 
83 

Conservation of heal in piggenes, 25S 
Construction of calf houses, 240 
of cowhouses. 210 
of dairies, 229 
of milking parlours, 235 
of stables, 191 
Contact beds, 89 
Contagious abortion, 423 
I bovine pleuro.pneumonia, 404 

i disease, control of, 296 
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Control of disease, 296-440. 
by State, 357. 

"Cooling power” of air, 153. 

Corrosive sublimate, 313. 

Coo'itebacten'um pyogenes, 109, 423, 429 
430, 436. ’ 

Courts for beef cattle, 251. 
for dairy cattle, 234. ' 

Cow byres, 210. 

Cowhouses (cowsheds), 208. 
construction of, 210. 
dimensions of, 213. 
doors of, 216. 
double-range, 213. 
drainage of, lOf, 219. 
feeding passages in, 216, 
floors in, 218. 
lighting of, 162. 
humidity in, 130. 
interior layout of, 212. 
legislation relating to, 209. 
lightingof, 162. 
single-range, 213. 
site of 210. 
standings for, 217. 
temperature of, 126. 
ventilation of, 135, 142, 143. 
walls of, 216. 

"Creep” feeding, 255, 261. 

Cremation of carcases, 324, 373. 

Crenothrix, 20. 

Cresols, 313. 

Cresylic acid dips, 332. 

Critical temperature, 126. 


1S3. 

Damp-proof copses. 
Damp waits. Isa 
‘‘Darmous, !'• 

DDT. no. 

DDT dips. 333. 
Dean’s 

Dcchlonnauon JJ ^ 

Deep litter 
»n tin^r. 

DcrfisdiP^ 

Dcsi«w3U‘5”' 


184. 


33. 34. 


disease, 387. 

for swine fever, 391. 

Cubic space in animal houses, 13b, n 
Current steam, 305. 

Cyanides in trade cfTluents, 65. 

DArRTES, construction of, 229. 

water supply t?./‘i' jns. 

Dairy cattle, housing 3^,5^ 

Dairy utensils, steril e j^y^ntion of. 

Dampness in buildings, P , 


Destructor for carcases, 327. 

Detritus tanks, 86. 

Dew-point, 120. 

Digging up carcases, 42, 323. 

Dipping accidents, 352. 
baths for cattle, 345. 
baths for sheep, 336. 
cattle, 345. 

Dips and dipping, 328-356. 

Dips, cattle, 333. 

composition of, 330, 334. 
disposal of waste, 356. 
sheep, 330. 
testing, 335. 
toxic effects of, 352. 

Dip-stone trap, 76. 

Diseases associated with water supply, 
62. 

carried by flies, 108. 
control of, 296^40. 
control of, by the State, 357.' 
Diseases of Animals Act 1894 — 358, 360, 
363. ' ^ 

Diseases of Animals Act 1950-^358, 363, 
384, 419, 443. 

Diseases of Animals (Disinfection) 
Order 1936— 316. 

Diseases spread by excreta, 104. 
Disinfectants, 300. 

“Approved,” 316. 
chemical, 307. 
effect of concentration 308. 
effect of organic matter on. 209, 
311. 313. 

effect of temperature of, 308. 
wede 2J>7. 

practical application of, 309. 
standardisation of, 315. 

Disinfection, 300, 320. 
by blow lamp, 303. 
by boiling water, 303. 
by dry heat, 302, 
by heat, 302. 
by natural agencies, 300. 
by steam, 304. 
for abortion, 427. 
for anthrax, 374. 
for calf diseases. 435. 
for coccidiosis, 312. 
for^foot-and-mouth disease, 

for fowl pest, 310, 419, 
for mange. 325. 
for nustitis, 433. 
for poultry diseases, 436 
gaseous. 316. 
of animal buildings, 320. 
of cattle yardj. 321 
ofcJoihlnp. 3S5. 
of hafeherj' equipment, 4J9 
of hides, 370. 
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DismfKtion of incubators, 437 
of pastures, 322. 
of poultry houses, 437. 
of poultry markets, 422, 
of straw, 306, 318 
ofschiclcs 383,446 
of wool, 370 
rate of, 30S 

Disposal of atiinul excreta, 95 
Icsislation, 97 

Disposal of carcases 322, 373 
of liquid manure, 99 
of sewage 82 
of •waste dips, 356 
Dog cages, 288 
kennels, 285 
Dogs Act, 322. 359 

importation regubtions, 402. 421 
Doors for cowhouses, 21 6 
for stables, 194 
Double-dipping. AGO 
Drainage of cowhouses, 119 


pARCy, 394 

rams buildings, arrangement of, ]6o 

I raiTowing crates, 261 
pens, 261 

rails. 261 , 

TaMcning cattle, housing of 251 
rattening pigs, accommodation for. 255 
I Feeding passages in cowhouses, 216 
i relt, roofing !74 
1 nitration, of bactena In soil, 302. 

» of sewage, 89 

J “name Gun,’* for destroying carcases, 
‘ 327 

, for disinrcctioR, 303 
Findlay’s (7 D ) standard for air purity, 

Findlay’s (J ) system of stntilation, 144 
Firecfay pipes, 71 
Hies, 96. 105 

breeding m manure, 106 
life-cycle. 107. 
range of flight, lOS 


systems for animal houses. 69, 99, 1 Flooring malcnaU, 180-183 


285 

traps, 74 

trap, Buchan’s, 77. 
trap, dip"Stone. 76 
trap, Mason’s, 76 
Dram pipes 70 
bends, 71 
jointing of 70 80 
junctions of, 72 
size of, 74 

Drams, defects in, 8! 
laying. 69, 80 
testing. 81 

Dnnkmg bowls for cows, 226 
Diy heat, disinfection 302. 

rot in limber, 175 
Duckenng process, 370 
Ducks, housing of, 275 
Dung channel in cowhouses. 220 
Dunpng pMsage in piggenes, 257 
Dutch cLnVers, 170 

Etmena tenella, 301 
Eleetnc feoemg, 253 
lighting, 162. 

Enwonmratal conditions, measurement 
warmth, 151 

Epizootic Abortion Order, 427 
lymphangitis, 403 

Eradirauon of bovine tuberculosis, 412. 

^mination of water supplies, 37 
Excreta, and spread of disease 104 
disposal of, 95 ’ 

Exercising chain for dogs, 293 
runs for dogs, 290 
^humation of carcases, 42. 323 
Exportation of Horses Acts, 3Sg 


Floors, construction of, 179 183 
for stables, 193 
for cowhouses, 218 
Floor space. 137 

Floors, treatment of sbppery, 181, 
riuonne in water, 16 
Fly-borne diseases, 108 
Fold system of poultry keeping. 269 
437 

Food eamcn, 225 

hoppers for poultry, 268 
store for stables, 205 
troughs for pigs. 255, 257 
root-and-mouth disease, 374-387 
disinfection for, 310, 318 
Orders. 383, 384 
quarantine in 297 
sbughlcr policy. 381 
Formaldehjde, 315, 317 
fumigation with, 438 
Formalin. 315, 318 
Foster-moiher, 272. 

Fowl cholera, 436 
pest, 418 

pest disinfection for. 310. 419 
it Pest Order, 418 

plague, 419 
. pox 436 
typhoid, 436 
Fumigation, 3J6 
J. of incubators, 438 

of ships, 319 
Fungi m water, 21 
TustSormlz necrophorus, 436 

Galuoveua, 20 
OcrmiCTde, 300 
Glanders, 394 
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Glanders, Order, 395. j 353. 

Glandular products, labelling 0 

Goats, housing of, 262. 

import regulations, 419. 

‘ tethering, 262. 

Granite, 171. 

Grit tanks, 86. 

Gully traps, 77. 

for animal houses, 100, 101. 


Haldane’s portable CO. nppai|Ws. 157. 

Hardness of water, 15, 21. 4^ 56. 
effect on disinfectants, 3(w. 
permanent, 22, 56. 
significance of, 23, jo- 
temporary, 22, 5o. 
tests for, 22. 

treatment of, 24. 

Harness room, .204. 

Hatcheries, disinfection of. 43^ 
Hatching eggs,, importation. 

Hay, disinfection of, 31S. 

importation of, 383, «i. 
nets, 245. ., 

racks for calves, 245. 

racks for goats, 2M. 
racks for horses, 19»- . ^ 59 . 

Heat conservation i" |iS8 
disinfection by, 302. 
stroke, 130. . 

HeaUng of kennels. 2yi. 

Hellebore, 110. 

Hellminths, 105, 109, 1”- 
Hen coop, 272. , prodoc 

Herd management for 

208. . „r 370. 

Hides, dUinfcction of. 

Hog cholera, 38 '• jgj. 

Hollow brick we'bj 

Hopper windo'W, > 45 ,, 

Horses, housing of' ‘ 396, 420. 
import regular 
transport 
Housing of anim- 

or<Iogs.2|=5. , 

of docks. .51 

ofgoofi'iei. 

of 

of r°V'‘S 27'- 
0f'“iV' ,.rr. 7* 


Humidity. 119. 120. 125, 130. 

dete'miin’ation o^ 151. 

in animal buildings, iJu. 
relative. 120. 

Humus tanks, 8y. , 117. 

gsssi; « “ 

Hydrogen cyani^. 319. 

sfgfo°s^m-'9,i5i. 

«>'?„“»&titiS' 433. 434. 

in sterilizing water, 32. 
iKctNEKATioN of carcases. 324 373. 

TnclC”dlsinMionof.432. 

infSed Ama Restrietiens. 385. 

iSrSed Place Rnfe55|. 

Inspectors of L(^i A 

Immunization, 2^* . j\cts 

Importation of An 2gj..384 419. 

SfH0%“ order, 396, 420- 
Infection, ?9^-o.tracbc»ds, 4.^6. 

boTics for 105, 434. 

Join^-s d'»«Sn?’pS 70- 

jSnc*'”’6f‘'rainP'P«' 72. 

’^Tr?inrv'^l"«6f' =«’• 
!S?nrorr%, 

out-oWoor, 291. 

Kruper »n«I. 15. 

Kirs^ Pf a=r rninty. 135. 

Kinl *>**tcm of \mttbiion. Ur. 

] KMclcncJ. 3:?. 

t tAicpt. 7, 3C«. 

Lsn4 firatlon. TX 
: tit.V.nvrril o? ... 

i Ijin'i? {ft manu-'C. fo'» 1^^ *1^* 
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Lying battery s>-^teni, 268, 437. 

house for poultry, 263 
Lead in sratcr, 9, 27. 

Leucosis, asian, 436 

Lighting of animal buildings 161 
of cowhouses, 162 ’ 

of piggeries, 259. 
of stables. 162. 10? 

Lime. 172. 

Limestone, 171 
Linton’s gully top, 80 
Liquid manure disposal 99 
mimurc tank. lOI ’ 

Cwo/jf Saponalus. 314 
Local Authorities, duties of. 350 
360 365 

Loose boses for cows, 228 
for horses. 202 
lighting of. 162 

Lje, 310 
Ly»u'3"4"“' 


MilL legislation relating to tuberculosis, 
4\Z 

of lime 312. 

production, herd management for, 
208 

room. 229, 

Milking bails, 238 

house, construction of, 235. 
machines, sterilization of, 306 
parlour, 231, 

parlour, construction of, 235. 
pasuge, 219 

routine for mastitis control. 43Z 
Mines, stabling of horses in, 206 
*hlim$tcr of Agnculturr. powers of. 359 
Miles, ntange, 391. 

Model By laws 1937—97 
Moist heat, disnfcctlon by, 303 
Moisture m air, 119 
Mortar, 172 
Movement Area. 400 
j of Swine Orders. 388 
, bfulcs. import regulations. 396, 420 
^fyeo^eierlum parafubercuhsls. 434. 

, Mycobaelerlum tubtrculoils, 405, 423, 


*]y» control of. 333 
Mange in horses, etc 391^'* 
w sheep. 396 ’ 

Manwrs for cowhouses 22i 
- for stables, 197 ’ 

“rriers, 225 

*featmem of. Mo 
closc-packing, I15 
disposal of, 95, 109 

incineration of, 109 

nranipuiation of ii? 

P“>96 115.285 ^ 
spreading, 112. 

Mastic-work 174 
Mastilis, boviiK, 428 
control of, 432 
Summer. 109, 430 
Mcat,jimport regulations 382 a-Ji 

„ 154^1. 

2;0°“'"<^«4"d)Ac,1914_ 


Newest disease, 418 
disinfection for, 310 
Nicotine dips, 331 
Nitrogen in air, 119 

ot water, 57 

Notihable diseases, 363-419 
Notification of disease, 363 
importance of, 298 

t OaiBE-BEDS, 20 

Ostert^g^s method of TB eradication. 
Oolites. 15 

I ndge ventilation. 143 
ft !!?’ ^®'Onng, 238 
Outdoor brooder, 272. 

_ pig keeping, 253 
Outlet shafts, 147 
Outlets for air, 139, ]4i 

PObnied 

Oicygen m air. 119, 123 
Ozonisation of water, 32, 33 

ftSte? or. 3S3 

parasitic mange. 391 
0ST393" 353 

disinfection of, 322 
Patton 8 manure platform, 115. 
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Peaty water, 8, 2S, 58, 59. 

Perches for poultry, 267, 

Perchloride of mercury, 313. 
Percolating filters, 89. 

“Permutit,” 16, 25. 

Pfeijferella mallei, 394. 

pH of disinfectant solutions, 309. 

of water supplies, 56. 

Phenol, 309, 313, 316. 

Phenolic dips, 331. 

poisoning after, 355. 

Piggries, 252. 

farrowing pens in, 261. 
farrowing rails in, 261. 
food troughs for, 255, 257. 
heat conservation in, 259. 
in Northern Ireland, 259. 
lighting of, 162, 259. 

Scandinavian, 129, 257. 
temperature of, 128, 132 
ventilation of, 132, 259. 

Pigs, import regulations, 419. 

Pit method of burning carcases, 325. 
Pits, stabling of horses in, 206. 

Plane of saturation, 9. 
Pleuro-pneumonia, bovine, 404. 
Plumbo«soIvency of water, 6, 8, 27. 
Poisoning from dips, 355. 

Pollution of air, 121. 

of water, 5, 6, 7, 8, 9, 12, 18, 37, 39, 
*41, 43, 49-60, 64-67. 
Polysulphide dips, 332. 

Ponds, 8, 61, 63. 

contamination of, 302. 

Portable colony house, 268, 437. 
Potassium permanganate, in stenliziog 
water, 34. 

Poultry diseases, 436. 
deep litter system, 2 m. 

(Exposure for Sale) Order, 422. 
fold units for, 269. 

SS: d%nr«:>ion of 437. 

transport o(i 

Powder-worlc, n4. 

Precipitation tanks, Sti. 

Pnissie and, 3I»- 391 

Psoropm '■‘""'’"S vni- S’®' 
Psoroptes iiciR«. ?”■ 

Psoroptic “4"^. Jhcep. 396. 

Psoroptio «=ab 01 sn...! 

PsychronieK^ 97. 

pXlic Health Act ISic- 


Pullonini an 


436. 


Quicklime, 312. 

use on pastures, 322. 


Rabies, 400. 

Order, 402. 

quarantine in, 297, 402- 
Rail transport of livestock, 442. 
Rainwater, 5, 36, 41. 

RetMdstmetion of buildings, 279. 
Reducing power of polluted wa’ter, 58. 
Redworm, 105, 111. 

Reinforced concrete, 173. 

Relative humidity, 120. 

determination of, 151. 

Removal of animal excreta, 95. 
Reservoirs, 3, 4, 6, 7, 29, 34, 36. 
Respiration, effect on air, 122. 
Re-stocking after bovine tuberculosis, 
409. 

after foot-and-mouth disease, 386. 
Retaining walls, 185. 

Rideal-Walker test, 3J5> 

Ridge ventilators, 143, J46. 

Rinderpest, 404 
Rivers, 6. 

Road transport of livestock, 445. 

Rocks, 3, 4. 

Roof construction, 178. 

coverings, 271, 272. 174, 178. 
lights, 145. 

Roofing felt. 174. 

Rough-casting, 173. 

Roundworms, 109, 113. 

Rubber flooring, 182. 


SALXfo.vELLA infeclions in poultry, 436. 
Salmonella pulhrwn, 303, 436. 
Sandstone, 171. 

Sanitation, 69-117. 

Sareoptes scabel \ar. equf, 391. 
Sarcoptes scabel \ar. o»£j, 396. 
Sarcoplic mange of horses. 391, 
Sarcoptic scab of sliecp, 396. 

Saturated steam, 307. 

' Saturation pressure, 120. 

Scandinavian piggery, 129. 257, 
Schattenfroh process. 371, 

Scheduled cl(se.i 5 es, 363. 

Screening of sc\vagc. 86 . 

Sea transport of animals, 444 • 
Securing cows, 225. 
horses, 201 . 

Sedimentailon of bacteria in ponds, 302. 

tanikS, 86. 

SepUe tenl., ,| 7 _ 95 

Wx i’: 
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Scv.-ag-, composition of, 84 
discharge into nven, 85 
discharge into sea, 84 
disposal, 82, 
farm, 89 
fungus 21 

polluted water, 37, 49, 64 
strength of, 84 
Seymour Jones process 371 
Sheep dipping baths, 336 
dips 328, 330 
dips, poisoning from, 42 
import regulations, 381, 419 i 

maggot fly, 333 I 

'Po%, 400 ^ 

scab. 396 

Scab Order, 399 i 

transport of, 443 I 

Sheeting for walls, 177 
Ships fumigation of, 319 
Site for farm buildings, 166 
of cowhouses, 210 
Skyl ghts, 145 
Slak^ lime, 312 
Slates. 172 
Slatted arks, 275 
floor house, 269 

Slaughter of infected animab, 297 
Sling psychorometer, 151 
Slipping floors treatment of, 181 
Sludre disposal 87 
Snuh holdings, buildings for, 277 
Smoke test of drams, 82. 

Soakmway for dips 356 
Sodium carbonate 310 
hadroude. 310 
hypochlonte. 32, 3U, 439 
thiosulphate. 33, 34 
Softening hard water, 24 
Sows tethenng of. 253 

Spores resistance of, 300, 302 303 313 
314, 365 

Spraying of cattle 349 
Spnngs. 5, 6 13, 36, 42 
Stables, construction of, 191 
doors for, 194 
fastenings in 201 
floonns of, !93 
lighting of, 162 192 
temperature of 128 
vcn’ilatim of, 192. 

SUHns or hoTcs n coal min-a, 206 
Suffofdshirc blue bricks 170 
c. .1 j for cowhouses, 223 
alaii divuions for co^bouses 223 
for stab’es, 194 ' 

disinfcclanu 315 
Standings for coa-s, 217 

ajTfus 303 


State control of disease, 357 
Veterinary Service, 360 
Steam, current, 305 
disinfection by, 304 
saturated, 307 
sterilizers, 305 
under pressure, 307 
Steimflg, 12, 43 
Sterilization of dairy utensils, 305 
of sewage, 91 
of water, 31 
Stone walls, 177 
Stoneware pipes, 71, 80 
Storage of water, 34, 36 
Stram 19 vaccine, 426 
Straw, disinfection of, 306, 318 
houses for poultry, 271 
importation of, 383, 421 
Streams, 6 

Streptococcus agalactutc, 429, 431, 434 
Streptococcus dysgalaetioe, 429, 434 
Streptococcus faeealts m water, 50 
Streptococcus uberts, 429, 434 
Streptococcus zooepldemicus, 429 
'Strike,** m sheep, 333 
Sirongyles, 105, 111, 113 
Subsoil imgation, 88 
Sulphur dioxide, 33, 317 
Summer Mastitis 109, 430 
Sunlight, dismfeaing power of, 301 
Superchlonoation of water, 32, 
Supervised Herds 416 
Surface burning of carcases, 325 
Surveymg buildioc, 187 
Swill, boiling of. 382, 388 
Swine fever, 387-391 
fever legisUtion, 389 
import reguIaUoos, 419 

Teat cups, disuifection of, 434. 
Temperature, cntical, 126 
determination of, 151 
in animal houses. 125, 126 
of cowsheds, 126 
of Piggenes, 128, 132. 
of stabiCT, 128 
Testing dips, 335 
drams, 8] 

Tethenng of goals, 262. 

•of sows, 253 

j ^wa^wtic substances, importation of 

"Hermometer, I5i 
I kata. 153 

\ ~ and dry bulb, 120 ISI 

I control of, 330-335 

Tiles 171 

TUnbet for building, 174 
1 Tobacco dips, 331. 

Toxic effects of dips, 352. 
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Transit of Animals Orders* 441. 
Transmission of disease, 296. 
Transportation of livestock, 441*447 
of poultry, 447 
Traps, drainage, 74 
gully, 77, 101 
Trichomoms foetus, 423 
Trickling filters, 89 
Troughs for water, 200 
Tubercle bacillus, 405, 423, 429 
resistance of, 300 
Tuberculin Tested miJk, 42 
Tuberculosis, 405-418 

(Attested Herds) Scheme, 414 
avam, 406, 436 
bovine, 405-418 
in poultry, 436 
Orders, 409 

Turf, disposal of infected, 322 
Turkeys, housing of, 277 


UtTRA-vtOLET rays 301 
Undulant fever, 428 
Urine disposal, 99 


Vapour pressure. 119 
Variola ovina, 400 
Vehicles, disinfection of, 446 
Ventilation, 119-159 

efiecls of bad. 123, 130 
mechanical 136 ^footnote), 149 
mechanics, of, 137 
nitural, 138 

of cowsheds, 133, 142, 143 
of double storied stables 147 
of piggenes. 332, 259 
of poultry houses, 266 
of ships, 136 (footnote) 444 
of stables, 147, 192 

requirementsofaninnls, 134 

vSnnaW ImLlieaCon Served. 362 
of <’36 

363 , 

3.0, 3.5 

Effect of oold on. 3“’ . 

effect of desi^ation. ^0i 

Walls bnck 177 
concate 177 
consirucf/on nk I'® 
of cowhouses. 2J(> 

of stables 193 

reconditioning oU 

shcctlnc. 178 


Water and \\ater supply. 1-68 
acid. 8, 9, 27 
action on metals, 26 
algae in, 19 
ammonia in, 57 

amount required by animals, 61, 67 
244 

bacteria in, 8 9, 37, 38 
bactenological examination of, 48 
B coll in, 49, 52 
bowls, for calves, 245 
for cows, 225 
for dogs, 290 
for horses, 199 
brook, 6 

calcium salts in, 15 
carnage system of sewage disposal, 
83 

chalybeate, 16 

chemical examination of, 5S 

chlorides in, 56 

chlorination of, 21, 32, 33 54 

cblorphenol faints m, 32, 33 

C/ Kfleliiun, 50 

collection of samples, 43 

contamination of (see pollution) 

dechlorination of, 33, 34 

deep ground, 9 

deep well, 5 

diseases spread by, 62 

electrical conductivity of, 59 

examination of supplies 37-60, 66 

faecal streptococci in, 50 

fauna of, 21 

filtration of, 21, 30 

flourme m, 16 

geology m relation to 3, 7, 41. 
hardness of. 15, 21, 41, 56 
humic acids in 57 * 

impounding of, 7, 8 
impurilics in, I, 2, 5, 14, 37 
inclusions in, 14 
iron in, 16. 20, 25, 59 
lake, 7, 36 
lead in 6, 9, 27 
ma^Tcswm «hs in, 15 
microscopic examination of, 60 
Milk and Dames Reguhtiom 1949 
(requirements) i 
natural 1, 15 
niinitcs in, 57 
nitrites in, 57 


nitrogenous constituents 57 
odour of. 59 
020015.11100 of, 32 33 
palatabi|it>, S 
pcat>. 8. 2S. 58 59 
pH of. 56 

ph>-sJcaJ exammaiioo of, 5S 
pollution. 5. 6, 8, o j? .g 37 
39, 41. 43. 49 60 
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Water, pond, 8, 61, 63 
pots for stables, 199 
pumping of, 12, 13 
"pure and wholesome” 2, 29, 41, 
43 

punfication of, 29 
rain, 2, 5. 36, 41 

requirements of animals 61, 67, 244 

reservoir, 3, 4, 6, 7, 29, 34, 36 

nver, 5, 6 

sevsage fungus in, 21 

sewage polluted. 37, 43, 49-60, 64-67, 

shallow-well, 5 

sodium salts in, 15 

soft. 8, 9, 41 

softening, 24 

soil bacteria in, 19. 

sources 5 

spnng. 5, 6 13. 14,36,42 
storage, e.ig, 34, 36,41 
stream, 6, 36 
subsoil, 9 

supcrchloruiation of. 32 

suppl es for calves, 244 

supply to cowhouses and dairies. 225 

surface, 4, 5, 6. 8, 14. 36, 41, 67 

troughs 36, 63. 64, 200 

underground, 4, 5, 9 

upland surface. 5. 7 

wxll 5, 10. 36, 42. 

zinc m, 28 

Watering of calves. 244. 
of cows, 225, 240 
of horses, 199 


1 

i 

i 

! 

1 


Wells, 5 10, 36, 42 
"Abyssinian,” 11. 

Artesian, 10 
conslrucuon of, 11 
deep, 10 
driven tube, 11 
dog, II 

shallow, 10, 43 
site of, 12 
steinmg, 12 

Wet and dry bulb thermometer, 120, 151. 

White scour, 436 

Wiitcwash, 312 

Whmstonc. 171 

Whirling hygrometer, 151. 

Windows. 141 

area required in animal building 
162 

in stables. 192 
Wool, disinfection of 370 


Yaros for beef-cattle 251 
for dairy cattle. 234 
for pigs. 255 
Voices, 225 


Ziourt, 15. 25 
i Zinc m water, 28 
I ZyWon, 319 



